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HISTORICAL.
As a  r e s u l t  o f  th e  co m b in ed  e f f o r t s  o f  c h e m i s t s  and  
b i o l o g i s t s ,  n u m ero u s  f u n g i  h a v e ,  i n  t h e  l a s t  few  y e a r s ,  
b e e n  b r o u g h t  t o  th e  f o r e f r o n t  o f  s c i e n t i f i c  i n t e r e s t .
P rom  t h e s e  lo w  f o rm s  o f  l i f e ,  e x t r e m e l y  v a l u a b l e  t h e r a ­
p e u t i c  a g e n t s  h av e  b e e n  d e r i v e d .  These  a r e  t h e  s o -  
c a l l e d  " a n t i b i o t i c s "  w h ic h  a r e  among t h e  m o s t  p o w e r f u l  
w eapons  a v a i l a b l e  i n  th e  f i g h t  a g a i n s t  i n f e c t i o u s  
d i s e a s e s .  T h a t  f u n g i  c a n  p ro d u c e  u s e f u l  r e m e d ie s  i s ,  
h o w e v e r ,  no new d i s c o v e r y .  The f u n g u s  C l a v i c e p s  
p u r p u r e a , w h ic h  p r o d u c e s  t h e  e r g o t s  s e e n  i n  t h e  e a r s  o f  
i n f e c t e d  r y e ,  h a s  b e e n  em p lo y ed  on a  p u r e l y  e m p i r i c a l  
b a s i s  i n  m e d ic in e  f o r  s e v e r a l  h u n d r e d  y e a r s  an d  h a s  
c l a im e d  th e  i n t e r e s t  o f  n u m ero u s  r e s e a r c h  w o r k e r s  f o r  
many d e c a d e s .  An e x c e l l e n t  a c c o u n t  o f  t h e  i n t e r e s t i n g  
h i s t o r y  o f  e r g o t  i s  g i v e n  i n  G eorge B a r g e r ' s  m o n o g rap h  
E r g o t  and  E r g o t i s m  C l ) .
A l th o u g h  t h e  f i r s t  c r y s t a l l i n e  a l k a l o i d  o f  e r g o t  
w as i s o l a t e d  a s  l o n g  ago  a s  1875 by T a n r e t  (2 )  , t h e  i d e a  
t h a t  t h e  a c t i v e  p r i n c i p l e s  o f  e r g o t  a r e  a l k a l o i d s  o n ly  
b e g a n  t o  f i n d  g e n e r a l  a c c e p t a n c e  a b o u t  t w e n t y - f i v e  y e a r s  
a g o .  S in c e  t h e n ,  t h e  e r g o t  a l k a l o i d s  an d  t h e  d e r i v a t i v e s  
p r e p a r e d  f ro m  them  h av e  become v a l u a b l e  a n d ,  i n  some c a s e s ,  
i n d i s p e n s a b l e  r e m e d ie s  i n  t h e  m o s t  v a r i e d  f i e l d s  o f  
m e d i c i n e .
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The n a t u r a l  a l k a l o i d s  o f  e r g o t  w h ic h  h a v e  so  f a r  
b e e n  i s o l a t e d  a r e  shown i n  t a b l e  I .  T h e i r  c l a s s i f i ­
c a t i o n  i n t o  t h r e e  g r o u p s  -  t h e  e r g o  ta u r in e  g r o u p ,  t h e  
e r g o t o x i n e  g r o u p ,  an d  th e  e r g o m e t r i n e  g r o u p  -  i s  b a s e d  
u p o n  d i f f e r e n c e s  i n  t h e i r  c h e m ic a l  s t r u c t u r e .  As t h e  
t a b l e  sh o w s, t h e  e r g o t  a l k a l o i d s  o c c u r  i n  p a i r s .  The 
two a l k a l o i d s  o f  a  p a i r  a r e  s t e r e o i s o m e r s  an d  e a c h  
r e a d i l y  u n d e r g o e s  r e a r r a n g e m e n t  t o  t h e  o t h e r .  T h is  
i s o m e r i s m  i s  due t o  t h e  i s o m e r i s m  b e tw e e n  l y s e r g i c  an d  
i s o l y s e r g i c  a c i d s ,  t h e  p a r e n t  com pounds f ro m  w h ic h  a l l  
t h e  a l k a l o i d s  o f  e r g o t  a r e  d e r i v e d .  W h e th e r  e x i s t i n g  
i n d e p e n d e n t l y  o r  f o r m in g  p a r t  o f  th e  a l k a l o i d  m o l e c u l e ,  
l y s e r g i c  a c i d  r e a d i l y  u n d e r g o e s  r e a r r a n g e m e n t  t o  th e  
i s o m e r i c  i s o l y s e r g i c  a c i d  and  v i c e  v e r s a .
TABLE I .
Group name
D e r iv e d  f ro m  
l y s e r g i c  a c i d
D e r iv e d  f ro m  
i s o l y s e r g i c  a c i d F o rm u la
E rg o ta m in e E rg o ta m in e  
E r g o s in e
E r g o ta m in in e
E r g o s i n i n e
C3 3 HQ5 O5 N5  
C3 0 H3 7  O5 N5
E r g o t o x i n e E r g o c r i s t i n e
E r g o k r y p t i n e
E r g o c o r n i n e
E r g o c r i s t i n i n e
E r g o k r y p t i n i n e
E r g o c o r n i n i n e
CgsHgeOsNg
CgiHgeOgNs
E r g o m e t r in e Ergome t r i n e Ergome t r i n i n e Ci©Hs a OgNa
The f i r s t  i m p o r t a n t  e v i d e n c e  r e g a r d i n g  t h e  s t r u c t u r e
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o f  th e  e r g o t  a l k a l o i d s  came f ro m  a  s tu d y  o f  t h e  p r o d u c t s  
o b t a i n e d  by a l k a l i n e  h y d r o l y s i s .  By h y d r o l y s i n g  
c e r t a i n  a l k a l o i d  p r e p a r a t i o n s  w i t h  a l c o h o l i c  p o t a s s i u m  
h y d r o x i d e ,  S m ith  and  Timmis ( 3 ) , ( 4 )  o b t a i n e d  a  s u b s t a n c e  
e r g i n e  ( C i 6 H i 7  0 N3 ) w h ic h  c o u l d  be c o n v e r t e d  i n t o  th e  
i s o m e r i c  i s o e r g i n e  an d  v i c e  v e r s a  ( 5 ) .  E r g i n e  and  
i s o e r g i n e  w ere  shown t o  be th e  a m id e s  o f  i s o l y s e r g i c  
a c i d  a n d  l y s e r g i c  a c i d  ( C i 6 H i 6 0 2 Ng) r e s p e c t i v e l y  w h ic h  
w ere  l a t e r  o b t a i n e d  by J a c o b s  a n d  C r a i g  ( 6 ) who u s e d  
m ore e n e r g e t i c  h y d r o l y t i c  c o n d i t i o n s .
A l l  th e  a l k a l o i d s  o f  e r g o t  c o n t a i n  e i t h e r  l y s e r g i c  
a c i d  o r  i s o l y s e r g i c  a c i d  a s  th e  p r i n c i p a l  and  c h a r a c t e r ­
i s t i c  c o n s t i t u e n t  o f  t h e  m o l e c u l e .  The a l k a l o i d s  o f  
t h e  e r g o ta m in e  and  e r g o t o x i n e  g r o u p s  a r e  p o l y p e p t i d e s ,  
t h e  l y s e r g i c  a c i d  o r  i s o l y s e r g i c  a c i d  b e i n g  j o i n e d  t o  
o t h e r  amino a c i d s .  The l a s t  p a i r  o f  a l k a l o i d s  shown 
i n  t a b l e  I ,  e r g o m e t r i n e - e r g o m e t r i n i n e , h a s  a  s i m p l e r  
s t r u c t u r e ,  l y s e r g i c  a c i d  o r  i s o l y s e r g i c  a c i d  b e i n g  com­
b i n e d  m e r e ly  w i t h  ( + ) - 2 - a m in o p r o p a n o l . S h o r t l y  a f t e r  
J a c o b s  a n d  C r a ig  (7) h a d  e s t a b l i s h e d  th e  c o m p o s i t i o n  o f  
e r g o m e t r i n e ,  i t s  p a r t i a l  s y n t h e s i s ,  t h e  f i r s t  t o  be 
a c h i e v e d  i n  th e  f i e l d  o f  e r g o t  c h e m i s t r y ,  was a c c o m p l i s h e d  
by S t o l l  and  Hofmann ( 8 ) .
W hile  a l l  t h e  d e t a i l s  r e g a r d i n g  t h e  s t r u c t u r e  o f  
t h e  p e p t i d e  p o r t i o n s  i n  th e  e r g o ta m in e  and  e r g o t o x i n e
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g r o u p s  h a v e  n o t  b e e n  e s t a b l i s h e d  w i t h  c e r t a i n t y ,  th e  
c o n s t i t u e n t  am ino a c i d s  h av e  b e e n  i s o l a t e d  a n d  c h a r a c t ­
e r i s e d .  T hese  r e s u l t s  w h ic h  h av e  shown th e  c h e m ic a l  
r e l a t i o n s h i p  o f  t h e  e r g o t  a l k a l o i d s  a r e  su m m a r ise d  i n  
t a b l e  I I .
F u n d a m e n ta l  k n o w le d g e  r e g a r d i n g  t h e  s t r u c t u r e s  o f  
l y s e r g i c  and  i s o l y s e r g i c  a c i d s  i s  due t o  t h e  i n v e s t i g ­
a t i o n s  c a r r i e d  o u t  by J a c o b s  a n d  h i s  c o l l a b o r a t o r s .
Thus f ro m  c l e a v a g e  p r o d u c t s  s u c h  a s  q u i n o l i n e  ( 9 ) , ( 1 0 ) ,
1 - m e t h y l - 5 - a m in o n a p h th a le n e  ( 9 ) , ( 1 0 ) an d  3 •4 -d im e t h y l - 
i n d o l e  ( 1 1 ) , ( 1 2 ) , ( 1 3 )  o b t a i n e d  by t h e  a c t i o n  o f  e n e r g e t i c  
r e a g e n t s  i t  was p o s s i b l e  t o  d ed u ce  th e  p r e s e n c e  o f  a
t e t r a c y c l i c  s t r u c t u r e  ( I ) .
I n  t h i s  f o r m u l a  t h e  f o l l o w i n g  g r o u p s  may be c l e a r l y  
r e c o g n i s e d ?  a n  i n d o l e  s y s te m  ( r i n g s  A a n d  B ) , a  
n a p h t h a l e n e  s y s te m  ( r i n g s  A and  C) a n d  a  q u i n o l i n e  s y s te m  
( r i n g s  C and  D ) .
F u r t h e r  e v id e n c e  r e g a r d i n g  t h e  s t r u c t u r e s  o f  
l y s e r g i c  an d  i s o l y s e r g i c  a c i d s  was p r o v i d e d  by t h e  
s y n t h e s i s  o f  d i h y d r o l y s e r g i c  a c i d  by U hle  an d  J a c o b s  ( 1 4 ) .
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The s t a r t i n g  m a t e r i a l  f o r  t h i s  s y n t h e s i s  was b r o m o a c e t a l  
( I I ) , w h ic h  w as c o n v e r t e d  by m eans o f  p o t a s s i u m  c y a n id e  
i n t o  c y a n o a c e t a l  ( I I I ) .  T h i s  w as s u b s e q u e n t l y  t r e a t e d  
w i t h  e t h y l  f o r m a te  and  so d iu m  t o  g i v e  t h e  so d iu m  s a l t
o f  c y a n o m a lo n d ia ld e h y d e  ( I V ) ,  w h ic h  U hle a n d  . J a c o b s  t h e n
/ /
r e a c t e d  w i t h  3 - a m i n o n a p h t h o s t y r i l . I n  t h i s '  way t h e y
V
/ /
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o b t a i n e d  3 - ( 2 - c y a n o - 2 - f o r m y l e t h y l i d e n e a m i n o )  n a p h t h o s t y r i l  
( V ) . On t r e a t m e n t  w i t h  z i n c  c h l o r i d e  an d  h y d r o c h l o r i c  
a c i d ,  t h i s  compound y i e l d e d  3 ' - a m i n o - 5 : 6 - b e n z o q u i n o l i n e - 
3 i 7 - d i c a r b o x y l i c  a c i d  l a c t a m  ( V I ) ,  w h ic h  was c o n v e r t e d  
i n t o  t h e  c o r r e s p o n d i n g  m e t h o c h l o r i d e  (V II )  by m eans o f .  
m e th y l  i o d i d e  and  s i l v e r  c h l o r i d e .  By c a t a l y t i c  
h y d r o g e n a t i o n  o f  t h i s  m e t h o c h l o r i d e ,  U hle an d  J a c o b s  w ere  
a b l e  t o  o b t a i n  3 '  - a m i n o - N - m e t h y l - l : 2 : 3 : 4 - t e t r a h y d r o - 5 : 6 - 
b e n z q u i n o l i n e - 3 : 7 - d i c a r b o x y l i c  a c i d  l a c t a m  ( V I I I )  w h ic h ,  
on t r e a t m e n t  w i t h  so d iu m  i n  b o i l i n g  b u t a n o l ,  gave  a  v e r y  
s m a l l  y i e l d  o f  ( + ) - d i h y d r o l y s e r g i c  a c i d  ( I X ) .  The 
t o t a l l y  s y n t h e t i c  p r e p a r a t i o n  o b t a i n e d  i n  t h i s  way p r o v e d  
t o  be i d e n t i c a l  w i t h  t h e  p r o d u c t  p r e p a r e d  by c a t a l y t i c  
h y d r o g e n a t i o n  o f  ( + ) - l y s e r g i c  a c i d  o f  n a t u r a l  o r i g i n .
The r i n g  s y s te m  o f  l y s e r g i c  a c i d  an d  t h e  n a t u r e  an d  
p o s i t i o n  o f  t h e  s u b s t i t u e n t s  h a v in g  b e e n  e s t a b l i s h e d ,  
t h e r e  r e m a in e d  two f u r t h e r  q u e s t i o n s  o f  im p o r t a n c e  r e g a r d ­
i n g  th e  f i n e  s t r u c t u r e  o f  l y s e r g i c  a c i d  s t i l l  t o  be 
s e t t l e d :  (a )  t h e  p o s i t i o n  o f  t h e  r e a d i l y  r e d u c i b l e  d o u b le  
bond  a n d  (b) th e  m ech an ism  o f  t h e  r e a c t i o n  by w h ic h  
l y s e r g i c  a c i d  i s o m e r i s e s  t o  i s o l y s e r g i c  a c i d  a n d  v i c e  
v e r s a .
The r e s u l t s  o f  r e c e n t  i n v e s t i g a t i o n s  by  S t o l l ,
Hofmann and  T r o x l e r  (1 5 )  f u r n i s h e d  p r o o f  t h a t  t h e  d o u b le  
bond i s  i n  t h e  9 : 1 0 - p o s i t i o n  i n  b o t h  a c i d s .  A c c o r d i n g l y
-  12 -
l y s e r g i c  a c i d  a n d  i s o l y s e r g i c  a c i d  c a n  "both be r e p r e s e n t e d  
by f o r m u l a  X. The m a in  b a s i s  f o r  t h e  d e d u c t i o n s  was 
t h e  f i n d i n g  t h a t  b o t h  l y s e r g i c  a c i d  an d  i s o l y s e r g i c  a c i d  
r e a c t  l i k e  P - a m i n o c a r b o x y l i c  a c i d s  on h e a t i n g  w i t h  a c e t i c  
a n h y d r i d e ,  _ i . £ . , w i t h  o p e n in g  o f  r i n g  D, an d  s u b s e q u e n t  
l a c t a m  f o r m a t i o n  t a k i n g  p l a c e  b e tw e e n  th e  s e c o n d a r y  am ino 
g ro u p  an d  t h e  c a r b o x y l  g r o u p :
i s o l y s e r g i c  a c i d
I n  t h e s e  d e g r a d a t i o n  e x p e r i m e n t s  i t  was fo u n d  t h a t  
b o th  l y s e r g i c  a c i d  a n d  i s o l y s e r g i c  a c i d  gave  r i s e  t o  t h e  
same l a c t a m .  The p o s i t i o n  o f  th e  r e a d i l y  r e d u c i b l e  
d o u b le  bond m u s t  t h e r e f o r e  be t h e  same i n  b o t h  a c i d s .  
T h is  c o n c l u s i o n  i s  a l s o  i n  a g r e e m e n t  w i t h  t h e  r e s u l t s  o f  
d e c a r b o x y l a t i o n  e x p e r i m e n t s  on l y s e r g i c  a c i d  a n d  i s o - 
l y s e r g i c  a c i d ,  b o t h  com pounds y i e l d i n g  t h e  same p r o d u c t ,  
a s  shown i n  t h e  f o l l o w i n g  schem e:
/  \
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L u r in g  t h i s  d e c a r b o x y l a t i o n  n o t  o n ly  i s  t h e  c a r b o x y l  
g ro u p  s p l i t  o f f ,  b u t  t h e  l i n k a g e  b e tw e e n  n i t r o g e n  a tom  6  
an d  c a r b o n  a tom  7 i s  a l s o  b r o k e n .  The u l t r a v i o l e t  
a b s o r p t i o n  s p e c t r u m  o f  t h e  d e c a r b o x y l a t e d  p r o d u c t  i n d i c a t e s  
c l e a r l y  t h a t  th e  n e w ly  fo rm e d  d o u b le  bond  b e tw e e n  C-7 an d  
C- 8  i s  c o n j u g a t e d  w i t h  t h e  d o u b le  bond  a l r e a d y  p r e s e n t ,  
w h ic h  m u s t  t h e r e f o r e  be b e tw e e n  c a r b o n  a to m s  9 a n d  1 0 .
The c h r o m o p h o r e . s y s te m  o f  t h i s  d e c a r b o x y l a t i o n  p r o d u c t  
i s  s i m i l a r  t o  t h a t  o f  t h e  l a c t a m  j u s t . d i s c u s s e d ,  a  f a c t  
w h ic h  was c o n f i r m e d  by th e  a g r e e m e n t  b e tw e e n  t h e  a b s o r p t i o n  
s p e c t r a  o f  th e  two com pounds.
On th e  a s s u m p t io n  t h a t  a  d o u b le  bond  i s  p r e s e n t  
b e tw e e n  c a r b o n  a to m s  9 an d  1 0 ,  l y s e r g i c  a c i d  m u s t  h av e  
two a s y m e t r i c  c e n t r e s ,  one a t  C-5 an d  t h e  o t h e r  a t  C - 8 .
T h a t  b o t h  l y s e r g i c  a c i d  a n d  i s o l y s e r g i c  a c i d  p o s s e s s  a  
s e c o n d  a s y m e t r i c  c e n t r e  i n  a d d i t i o n  t o  t h a t  a t  C - 8  was 
p r o v e d  by t h e  f a c t  t h a t  th e  l a c t a m  p r e v i o u s l y  d i s c u s s e d  
i s  o p t i c a l l y  a c t i v e ,  a l t h o u g h  t h e  a s y m e t r i c  c e n t r e  a t  
C- 8  i s  no l o n g e r  p r e s e n t .  These  f a c t s  a l s o  i n d i c a t e  
t h a t  l y s e r g i c  a c i d  a n d  i s o l y s e r g i c  a c i d  h ave  t h e  same 
c o n f i g u r a t i o n  a t  C-5 a n d ,  s i n c e  t h e  d o u b le  bond  i n  r i n g  
L i s  s i t u a t e d  i n  t h e  same p o s i t i o n ,  »1 0 , i n  b o t h  a c i d s ,  
t h e  o n ly  d i f f e r e n c e  b e tw e e n  th em  m u s t  be i n  t h e  s p a t i a l  
a r r a n g e m e n t  o f  th e  s u b s t i t u e n t s  a t  C - 8 . A v a i l a b l e  
e v id e n c e  i n d i c a t e s  t h a t  i n  l y s e r g i c  a c i d  t h e  c a r b o x y l
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g ro u p  i s  n e a r e r  n i t r o g e n  a to m  6  t h a n  i t  i s  i n  i s o l y s e r g i c  
a c i d .  The f o l l o w i n g  f o r m u la e  i l l u s t r a t e  t h e s e  r e l a t i o n ­
s h i p s  :
As a l r e a d y  m e n t i o n e d ,  n a t u r a l  ( + ) - l y s e r g i c  a c i d  a n d  
n a t u r a l  ( + ) - i s o l y s e r g i c  a c i d  h av e  an  i d e n t i c a l  c o n f i g u r a ­
t i o n  a t  C-5 and  d i f f e r  o n ly  i n  t h e i r  c o n f i g u r a t i o n  a t  
C - 8 . T h e o r e t i c a l l y ,  h o w e v e r ,  e i t h e r  t h e  D- o r  t h e  L -  
c o n f i g u r a t i o n  may be p r e s e n t  a t  e a c h  o f  t h e  two 
a s y m e t r i c  c a r b o n  a to m s  5 a n d  8 . T h is  may be r e p r e s e n t e d  
s c h e m a t i c a l l y  a s  f o l l o w s :
By c o m b in in g  t h e s e  f o u r  p o s s i b i l i t i e s ,  t h e  f o l l o w i n g  
f o u r  o p t i c a l l y  a c t i v e  i s o m e r s  a r e  o b t a i n e d :
D5D0 DgL© LgLg LgDe
On t h e  o t h e r  h a n d ,  A a n d  B a r e  d i a s t e r e 0 i s o m e r s  a n d  th e  
same r e l a t i o n s h i p  a p p l i e s  t o  C a n d  D. As c a n  be g a t h e r e d  
f ro m  t h i s  s c h e m a t ic  r e p r e s e n t a t i o n ,  A an d  B a n d  a l s o  C
L y s e r g i c  a c i d i s o l y s e r g i c  a c i d
C - 5 C - 8
D© Lg 1^ 8 1*8
A B C D
A and  C a r e  o p t i c a l  a n t i p o d e s  a n d  so  a r e  B a n d  D.
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an d  D a g r e e  i n  th e  c o n f i g u r a t i o n  a t  C-5 a n d  d i f f e r  o n ly  
i n  t h e  c o n f i g u r a t i o n  a t  C - 8 . T h u s ,  e i t h e r  A an d  C a r e  
t h e  two o p t i c a l  a n t i p o d e s  o f  l y s e r g i c  a c i d  w h i l e  B an d  
D a r e  th e  o p t i c a l  a n t i p o d e s  o f  i s o l y s e r g i c  a c i d ,  o r
known e i t h e r  a t  C-5 o r  a t  C - 8 .
P r a c t i c a l  e x p e r i e n c e  w i t h  l y s e r g i c  a c i d  a n d  i s o ­
l y s e r g i c  a c i d  i s  i n  c o m p le te  a g r e e m e n t  w i t h  t h e s e  
t h e o r e t i c a l  c o n s i d e r a t i o n s .  B o th  n a t u r a l  ( + ) - l y s e r g i c  
a c i d  a n d  i t s  o p t i c a l  a n t i p o d e  ( - ) - l y s e r g i c  a c i d  a r e  
know n, a s  w e l l  a s  (+) - i s o l y s e r g i c  a c i d  a n d  ( - )  -’• i s o ­
l y s e r g i c  a c i d .  The two c o r r e s p o n d i n g  r a c e m a t e s  h av e  
l ik e v r i .s e  b e e n  p r e p a r e d .
These s t e r i c  r e l a t i o n s h i p s  h a v in g  b e e n  e l u c i d a t e d ,  
a  s im p le  e x p l a n a t i o n  i s  a v a i l a b l e  f o r  t h e  c o n v e r s i o n  o f  
l y s e r g i c  a c i d  i n t o  i s o l y s e r g i c  a c i d  a n d  v i c e  v e r s a .
v i c e  v e r s a . B o th  p o s s i b i l i t i e s  m u s t  be t a k e n  i n t o  
c o n s i d e r a t i o n ,  s i n c e  th e  a b s o l u t e  c o n f i g u r a t i o n  i s  n o t
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L y s e r g i c  a c i d "E nctlic  fo rm "  i s o L y s e r g i c  a c i d
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E n o l i s a t i o n  o f  t h e  c a r b o x y l  g r o u p  a t  p o s i t i o n  8  l e a d s  
t o  th e  i n t e r m e d i a t e  f o r m a t i o n  o f  a n  a c i d  e n o l a t e  w h ic h  
s u b s e q u e n t l y  r e a r r a n g e s  once  more t o  t h e  a c i d  f o rm ,  w i t h  
t h e  r e s u l t  t h a t  an  a l t e r a t i o n  may t a k e  p l a c e  i n  t h e  
c o n f i g u r a t i o n  o f  t h e  s u b s t i t u e n t s  a t  C - 8 .
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INTRODUCTION.
S in c e  r i n g  D i s  t h e  m o s t  c o m p l i c a t e d  r i n g  i n  
l y s e r g i c  a c i d ,  c o n t a i n i n g  a s  i t  d o e s  a  c a r b o x y  g r o u p ,  
an  N -m e th y l  g r o u p ,  a  d o u b le  bond  a n d  two a s y m e t r i c  
c a r b o n  a to m s ,  si t  w as d e c i d e d  t o  a t t e m p t  a  s y n t h e s i s  o f  
r i n g  D a p a r t  f ro m  t h e  r e s t  o f  t h e  m o l e c u l e .  A s u i t a b l e  
fo rm  o f  r i n g  D w o u ld  be d i m e t h y l  3 - k e t o - 1 - m e th y l -  
p i p e r i d i n e - 2 : 5 - d i e a r b o x y l a t e  ( X I ) .  T h is  compound 
c o n t a i n s  t h e  r e q u i r e d  c a r b o x y  and  N -m e th y l  g r o u p s J  i t  
a l s o  h a s  two a c t i v e  c e n t r e s  -  a n  a c t i v e  h y d r o g e n  a t  C - 2  
and  t h e  3 - k e t o  g ro u p  - r e q u i r e d  t o  l i n k  i t  w i t h  a  
s u i t a b l e  i n d o l e  d e r i v a t i v e  ( r i n g s  A an d  B) s u c h  a s  
g ra m in e  (X I I )  and  c o n s e q u e n t l y  t o  fo rm  r i n g  C.
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U n d er  M ann ich  Base r e a c t i o n  c o n d i t i o n s ,  d im e th y l  
3 - k e t o - 1 - m e t h y l p i p e r i d i n e - 2 : 5 - d i e a r b o x y l a t e  (X I) an d  
g ra m in e  (X II )  s h o u ld  c o n d e n s e  t o  g i v e  t h e  compound X I I I  
w h ic h  on h y d r o l y s i s , d e c a r b o x y l a t i o n  an d  c y c l i s a t i o n  
s h o u ld  g i v e  e i t h e r  ( + ) - l y s e r g i c  a n d  ( + ) - i s o l y s e r g i c  
a c i d s  (X) o r  a n  i s o m e r  (XIV) w i t h  t h e  d o u b le  bond  i n  
t h e  5 : 1 0 - p o s i t i o n .
S in c e  g ra m in e  (X I I )  i s  r e a d i l y  o b t a i n a b l e ,  t h e  
im m e d ia te  p ro b le m  l a y  i n  s y n t h e s i s i n g  d im e th y l  3 - k e t o -
1 - m e t h y l p i p e r i d i n e - 2 : 5 - d i e a r b o x y l a t e  (X I) f ro m  some 
r e a d i l y  o b t a i n a b l e  s t a r t i n g  m a t e r i a l .  B e c a u se  o f  t h e  
g r e a t e r  s t a b i l i t y  o f  a r o m a t i c  n u c l e i  i t  was d e c i d e d  t o  
a t t e m p t  f i r s t  t o  s y n t h e s i s e  3 - h y d r o x y i s o c i n c h o m e r o n i c  
a c i d  (XV) w h ich  w o u ld  be c o n v e r t e d  by m e t h y l a t i o n ,  
r e d u c t i o n  and  o x i d a t i o n  i n t o  th e  r e q u i r e d  d im e th y l  
3 - k e t o - 1 - m e t h y l p i p e r i d i n e - 2 : 5 - d i e a r b o x y l a t e  ( X I ) .  3 -
H ydroxy i s o c in c h o m e r o n ic  a c i d  (XV) h a s  n o t  b e e n  p r e p a r e d ,  
b u t  i t  h a s  b e e n  f o u n d  p o s s i b l e  t o  o b t a i n  i n  g o o d  y i e l d  
f ro m  p y r i d i n e  a  d e r i v a t i v e  o f  3 - n i t r o i s o c in c h o m e r o n ic  
a c i d  (XVI) w h ic h  w o u ld  g iv e  3 - h y d r o x y i s o c in c h o m e r o n ic  
a c i d  (XV) by r e d u c t i o n  t o  5 -a m in o i s o c in c h o m e r o n ic  a c i d  
(XVII) f o l l o w e d  by d i a z o t i s a t i o n .  The p ro b le m  o f  t h e  
s y n t h e s i s  o f  3 - n i t r o j i s o e  inchom e r o n i c  a c i d  (XVI) , how i t  
was a c h i e v e d  a n d  t h e  p r o o f  o f  i t s  s t r u c t u r e  i s  d i s c u s s e d  
i n  t h e  f o l l o w i n g  s e c t i o n .  Thus th e  way h a s  b e e n  o p e n e d
-  19 -
t o  t h e  p o s t u l a t e d  s y n t h e s i s  o f  l y s e r g i c  a c i d  (X) 
d e s c r i b e d  a b o v e .
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THEORETICAL.
(A) G e n e r a l  C o n s i d e r a t i o n s .
The compound r e q u i r i n g  t o  be s y n t h e s i s e d  was 3 - n i t r o - 
i s o c in c h o m e r o n ic  a c i d  (XVI) w h ic h  c o n t a i n s  a  3 - n i t r o  g r o u p ,  
a  2 - c a r b o x y  g r o u p  an d  a  5 - c a r b o x y  g r o u p .  The o n l y  m eth o d  
a v a i l a b l e  f o r  t h e  i n t r o d u c t i o n  o f  a  3 - n i t r o  g ro u p  i n t o  th e  
p y r i d i n e  n u c l e u s  i s  by d i r e c t  n i t r a t i o n .  T h is  i m m e d ia t e ly  
p r e s e n t s  a  g r a v e  p ro b le m  i n  t h a t  p y r i d i n e  c a n  o n ly  be 
n i t r a t e d  a t  h i g h  t e m p e r a t u r e s  u n d e r  f o r c i n g  c o n d i t i o n s ,  a n d  
e v e n  t h e n  o n ly  i n  low  y i e l d s .  However i t  h a s  b e e n  f o u n d  
t h a t ,  w i t h  an  a c t i v a t i n g  g r o u p  s u c h  a s  am ino o r  h y d ro x y  
p r e s e n t  i n  a  p o s i t i o n  o r t h o  o r  p a r a  t o  t h a t  o f  t h e  e n t e r i n g  
n i t r o  g r o u p ,  n i t r a t i o n  g o e s  s m o o th ly  a t  low  t e m p e r a t u r e s  t o  
g i v e  g ood  y i e l d s  o f  th e  3 - n i t r o p y r i d i n e .
P y r i d i n e  c a r b o x y l i c  a c i d s  may be o b t a i n e d  by th e  
p e rm a n g a n a te  o x i d a t i o n  o f  th e  c o r r e s p o n d i n g  a l k y l p y r i d i n e s . 
O th e r  m e th o d s  i n c l u d e  r e p l a c e m e n t  o f  amino g r o u p s  o r  b ro m in e  
a to m s by n i t r i l e  g r o u p s  f o l l o w e d  by h y d r o l y s i s ,  o r  i n  some 
c a s e s  t h e  K olbe  r e a c t i o n .
E a c h  o f  th e  g r o u p s  t a k e n  by i t s e l f  c a n  t h e r e f o r e  be 
i n t r o d u c e d  w i t h  l i t t l e  d i f f i c u l t y ,  b u t  t h e  p ro b le m  b ecom es 
c o m p l i c a t e d  when a l l  t h r e e  g r o u p s  a r e  t o  be i n t r o d u c e d  i n t o  
th e  p y r i d i n e  n u c l e u s  a t  s p e c i f i c  p o s i t i o n s .  The f o l l o w i n g  
p o i n t s  s h o u ld  be n o t e d :
-  21 -
( a )  The two c a r b o x y  g r o u p s  o r  t h e i r  p r e c u r s o r s  
s h o u ld  be i n t r o d u c e d  b e f o r e  t h e  n i t r o  g r o u p ,  s i n c e  
t h e  n i t r o  g ro u p  b e i n g  d e a c t i v a t i n g  i n c r e a s e s  t h e  
d i f f i c u l t y  o f  a r o m a t i c  s u b s t i t u t i o n .
(b )  A t l e a s t  one o f  t h e s e  p r e c u r s o r s  s h o u ld  be a n  
a c t i v a t i n g  g r o u p  t o  a i d  t h e  n i t r a t i o n ;  t h e  a c t i v a t ­
i n g  g ro u p  s h o u ld  be t h e  one i n  t h e  2 - p o s i t i o n  a s
th e  5 - p o s i t i o n  i s  m e ta  t o  t h e  3 - p o s i t i o n .
(c )  The a c t i v a t i n g  g ro u p  s h o u ld  be th e  f i r s t  
s u b s t i t u e n t  i n  t h e  p y r i d i n e  n u c l e u s  i n  o r d e r  t o  
f a c i l i t a t e  t h e  e n t r y  o f  t h e  s e c o n d  c a r b o x y  g r o u p  
o r  i t s  p r e c u r s o r .
W ith  t h e s e  g e n e r a l  c o n s i d e r a t i o n s  i n  m ind i t  i s  
p o s s i b l e  t o  c o n s t r u c t  n u m ero u s  h y p o t h e t i c a l  s y n t h e s e s  o f  
3 - n i t r o i^ s o c  inchom e r o n i c  a c i d  (XVI) w h ic h  m u s t  be t e s t e d  
e x p e r i m e n t a l l y .
(B) P r e p a r a t i o n  o f  I n t e r m e d i a t e s  f ro m  A l i p h a t i c  C om pounds.
E a r l y  e x p e r i m e n t s  w ere  d i r e c t e d  to w a r d s  t h e  c o n d e n s ­
a t i o n  o f  a l i p h a t i c  com pounds w i t h  a  v ie w  t o  o b t a i n i n g  
p y r i d i n e  d e r i v a t i v e s  w h ic h  m ig h t  be u s e f u l  i n t e r m e d i a t e s  
i n  t h e  s y n t h e s i s  o f  3 - n i t r o i  s  oc inchom e r o n i c  a c i d  (X V I) .
A t te m p ts  t o  c o n d e n s e  c y a n o a c e ta m id e  (X V III )  w i t h  t h e  
h i t h e r t o  unknown e t h y l  f o r m y l p y r u v a t e  (X IX ) , p r e p a r e d  
f ro m  e t h y l  p y r u v a t e  (XX) an d  e t h y l  f o r m a t e  (XXI) and  f ro m
-  22 -
a c e t a l d e h y d e  (X X II) a n d  e t h y l  o x a l a t e  ( X X I I I ) ,  u n d e r
c a t a l y t i c  c o n d i t i o n s  f a i l e d  t o  g i v e  t h e  r e q u i r e d  e t h y l
5 - c y a n o - 6 - h y d r o x y p i c o l i n a t e  (XXIV). S i m i l a r l y ,  no
c o n d e n s a t i o n  p r o d u c t  was o b t a i n e d  w i t h  c y a n o a c e ta m id e
(X V III)  a n d  e t h y l  o x a l y l a c e t a t e  (XXV).
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G ra f  (16) h a s  shown t h a t  when a c e t a l d e h y d e  i s  c o n ­
d e n s e d  w i t h  am m onia, 5 - e t h y l - 2 - m e t h y l p y r i d i n e  (XXVI) i s  
o b t a i n e d  i n  good  y i e l d .
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T h is  compound c o n t a i n s  two a l k y l  g r o u p s  i n  t h e  
c o r r e c t  p o s i t i o n s ,  b u t  i t  was f o u n d  t h a t  t h e  2 - m e th y l  
g r o u p  d i d  n o t  a c t i v a t e  t h e  3 - p o s i t i o n  t o  t h e  e x t e n t  
r e q u i r e d  f o r  e a s y  n i t r a t i o n .  Thus on h e a t i n g  5 - e t h y l -
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2 - m e t h y l p y r i d i n e  (XXVI) w i t h  a  m ix t u r e  o f  o leum  a n d  
p o ta s s iu m ,  n i t r a t e  a t  1 0 0 ° f o r  f i v e  h o u r s ,  5 - e t h y l - 2 - 
m e t h y l n i t r o p y r i d i n e  was o b t a i n e d  and  c h a r a c t e r i s e d  a s  
i t s  p i c . r a t e . The y i e l d  o f  t h i s  p r o d u c t  was h o w e v e r  so 
low  t h a t  i t  was n o t  p o s s i b l e  t o  p r o c e e d  f u r t h e r .
A t t e n t i o n  was t h e n  t u r n e d  t o  t h e  p o s s i b i l i t y  o f  
i n t r o d u c i n g  a  h y d ro x y  g r o u p  i n t o  t h e  3 - p o s i t i o n  by 
s u l p h o n a t i o n  f o l l o w e d  by f u s i o n  w i t h  a l k a l i .  S u l p h o n a t i o n  
o f  b - e t h y l - 2 - m e t h y l p y r i d i n e  (XXVI) g av e  t h e  c o r r e s p o n d i n g
3 - s u l p h o n i c  a c i d  a s  i t s  sod ium  s a l t  (XXVII) ( 1 7 ) .  F u s i o n  
o f  t h i s  m a t e r i a l  w i t h  p o t a s s i u m  h y d r o x id e  g av e  5 - e t h y l  -
2 - m e t h y l - 3 - p y r i d o l  (X X V III ) .  A t t e m p ts  w ere made t o  
o x i d i s e  t h i s  compound w i t h  a q u e o u s  p e r m a n g a n a t e , b u t  
a l t h o u g h  t h e  p e rm a n g a n a te  was d e c o l o u r i s e d ,  no p r o d u c t  
c o u l d  be i s o l a t e d  f ro m  t h e  r e a c t i o n  m i x t u r e .  As i t  w as 
c o n c e i v a b l e  t h a t  th e  m o le c u le  h a d  b e e n  c o m p l e t e l y  d e g r a d e d  
ow ing t o  th e  p r e s e n c e  o f  t h e  3 - h y d ro x y  g r o u p ,  s t e p s  w ere  
t a k e n  t o  p r e v e n t  t h i s  by p r o t e c t i n g  t h e  3 -h y d ro x y  g r o u p .  
M e t h y l a t i o n  o f  5 - e t h y l - 2 - m e t h y l - 3 - p y r i d o l  (XXVIII) by
d i  az  ome th a n e  i n  e th e  r  gave  5 -e  t h y l - 3 -me t h o x y - 2 -me t h y l - 
p y r i d i n e  (XXIX) w h ic h  w as c h a r a c t e r i s e d  a s  i t s  m e r c u r i c  
c h l o r i d e  compound. On t r e a t i n g  5 - e t h y l - 3 -m e th o x y - 2  - 
m e t h y l p y r i d i n e  (XXIX) w i t h  a q u e o u s  p e r m a n g a n a t e , th e  
s o l u t i o n  was d e c o l o u r i s e d  b u t  no p r o d u c t  c o u l d  be i s o l a t e d  
f ro m  t h e  r e a c t i o n  m i x t u r e .
-  24 -
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( C) R e a c t i v i t y  o f  H a lo g e n  Atoms i n  P y r i d i n e  N u c l e i .
I n  v ie w  o f  th e  f a i l u r e s  r e c o r d e d  i n  (B) i t  was 
d e c i d e d  t o  u s e  p y r i d i n e  i t s e l f  a s  t h e  s t a r t i n g  m a t e r i a l  
i n  a l l  f u t u r e  a t t e m p t s  t o  s y n t h e s i s e  3 - n i t r o _ i s o c i n c h o ­
me r o n i c  a c i d  (X V I) . An a c t i v a t i n g  g r o u p  was i n t r o d u c e d  
i n t o  th e  2 - p o s i t i o n  hy h e a t i n g  p y r i d i n e  (XXX) i n  t o l u e n e  
w i t h  sodam ide  (18)  t o  g i v e  2 - a m in o p y r i d i n e  (X X X I). A l l  
s u b s e q u e n t  work was b a s e d  on t h i s  com pound.
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The i n t r o d u c t i o n  o f  a  c a r b o x y  p r e c u r s o r  i n  t h e  5 -  
p o s i t i o n  was a c h i e v e d  by b r o m i n a t i n g  2 - a c e t y l a m i n o - 
p y r i d i n e  (X X X II) , p r e p a r e d  f ro m  2 - a m in o p y r i d i n e  (X X X I), 
f o l l o w e d  by h y d r o l y s i s  o f  th e  2 - a c e t y l a m i n o - 5 -b ro m o -  
p y r i d i n e  (XXXIII) so  fo rm e d  t o  g i v e  2 - a m in o - 5 -b ro m o -  
p y r i d i n e  (XXXIV) ( 1 9 ) .
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The p r o o f  o f  t h e  p o s i t i o n  o f  t h e  .5 -b ro m in e  a to m  i n
2 - a m in o - 5 - h r o m o p y r id in e  (XXXIV) r e s t s  i n  i t s  c o n v e r s i o n  
t h r o u g h  6 - a m i n o n i c o t i n o n i t r i l e  (XXXV) t o  6 - a m i n o n i c o t i n -  
am ide (XXXVI) w h ic h  i s  i d e n t i c a l  w i t h  t h e  compound 
o b t a i n e d  by th e  c h l o r i n a t i o n  o f  6 - h y d r o x y n i c o t i n i c  a c i d  
(XXXVII) f o l l o w e d  by t r e a t m e n t  w i t h  ammonia ( 1 9 ) .  The 
s t r u c t u r e  a s s i g n e d  t o  6 - h y d r o x y n i c o t i n i c  a c i d  (XXXVII) 
d e p e n d s  upon  i t s  p r e p a r a t i o n  f ro m  m a l i c  a c i d  (XXXVIII) 
v i a  c o u m a l ic  a c i d  (XXXIX) and  m e th y l  c o u m a la te  (XL) ( 2 0 ) ,  
( 2 1 ) .
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H aving  i n t r o d u c e d  two s u i t a b l e  g r o u p s  i n  th e  2 -  and  
5 - p o s i t i o n s ,  t h e r e  r e m a in e d  t h e  i n t r o d u c t i o n  o f  t h e  3 -  
n i t r o  g r o u p .  T h is  was a c h i e v e d  by n i t r a t i n g  2 - a m in o - 5 -  
b r o m o p y r id in e  (XXXIV) i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  t o  
fo rm  5 - b r o m o - 2 - n i t r a m i n o p y r i d i n e  (XLI) ( 2 2 ) ,  w h ic h  on 
i s o m e r i s a t i o n  by h e a t i n g  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  
g av e  t h e  r e q u i r e d  2 - a m in o - 5 -b ro m o - 3 - n i t r o p y r i d i n e  (X L II)  
( 2 2 ) .  2 -A m in o -5 -b ro m o - 3 - n i t r o p y r i d i n e  (X L II)  was a l s o
o b t a i n e d  d i r e c t l y  f ro m  2 - a m in o - 5 - b r o m o p y r id in e  (XXXIV)
-  26 -
w i t h o u t  t h e  i s o l a t i o n  o f  t h e  i n t e r m e d i a t e  5 -b ro m o - 2 -  
n i t r a m i n o p y r i d i n e  ( X L I ) .
7K
H jN
'N
i s m
0 , N Ur
I I
T h a t  t h e  n i t r o  g r o u p  i n  2 - a m i n o - 5 - b r o m o - 3 - n i t r o -  
p y r i d i n e  (X LII)  i s  i n  f a c t  i n  t h e  3 - p o s i t i o n  h a s  b e e n  
v e r i f i e d  by P e t r o w  an d  S a p e r  (23)  b y . r e d u c t i o n  w i t h  i r o n  
f i l i n g s  an d  d i l u t e  h y d r o c h l o r i c  a c i d  t o  g i v e  2 : 3 - d i a m i n o - 
5 - b r o m o p y r i d i n e  ( X L I I I )  w h i c h  r e a c t s  w i t h  g l y o x a l  g i v i n g  
7 - b r o m o - 5 - a z a q u i n o x a l i n e  (X LIV ) . F u r t h e r  v e r i f i c a t i o n  
was  o b t a i n e d  by t h e  r e d u c t i o n  o f  2 - a m i n o - 5 - b ro m o - 3 -  
n i t r o p y r i d i n e  (X LII)  w i t h  t i n  and  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d  t o  f o r m  2 i 3 - d i a m i n o - 5 - b r o m o - 4 ( 6 ) - c h l o r o p y r i d i n e  (XLV) 
w h ic h  g av e  a  q u i n o x a l i n e  d e r i v a t i v e  (XLVI) w i t h  
p h e n a n t h r a q u i n o n e .
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Th e re  now r e m a i n e d  t h e  f i n a l  p r o b l e m  o f  c o n v e r t i n g  
t h e  2 -am ino  g r o u p  a n d  t h e  5 - b ro m in e  a to m  i n t o  c a r b o x y  
g r o u p s .  To do t h i s ,  i t  was  n e c e s s a r y  f i r s t  t o  c o n v e r t  
t h e  2 -am ino  t h r o u g h  2 - h y d r o x y  t o  2 -b ro m o .  T h i s  was  
a c h i e v e d  by t r e a t i n g  a  s o l u t i o n  o f  2 - a m i n o - 5 -b ro m o - 3 -  
n i t r o p y r i d i n e  (X LII)  i n  s u l p h u r i c  a c i d  w i t h  sod ium  n i t r i t e  
t o  g i v e  5 - b r o m o - 3 - n i t r o - 2 - p y r i d o l  (XLVII) w h i c h  was  a l s o  
o b t a i n e d  d i r e c t l y  f r o m  2 - a m i n o - 5 - b r o m o p y r i d i n e  (XXXIV) 
w i t h o u t  i s o l a t i o n  o f  t h e  i n t e r m e d i a t e s  5 - b r o m o - 2 -  
n i t r a m i n o p y r i d i n e  (XLI) an d  2 - a m i n o - 5 - b r o m o - 3 - n i t r o -  
p y r i d i n e  ( X L I I ) . The h y d r o x y  compound r e a c t e d  w i t h  
p h o s p h o r u s  t r i b r o m i d e - p e n t a b r o m i d e  m i x t u r e  t o  g i v e  t h e  
r e q u i r e d  2 : 5 - d i b r o m o - 3 - n i t r o p y r i d i n e  ( X L V I I I ) .
A t t e m p t s  t o  r e p l a c e  t h e  two b ro m in e  a to m s  by f o r m i n g  
o r g a n o - m e t a l l i c  compounds f o l l o w e d  by c a r b o n a t i o n  w ere  
e n t i r e l y  w i t h o u t  s u c c e s s .  Thus 2 : 5 - d i b r o m o - 3 - n i t r o p y r i d i n e  
(XLVIII )  f o rm e d  a  d i - G - r i g n a r d  compound w i t h  m a g n es iu m ,  
b u t  s i n c e  t h e  p r o d u c t  was  i n s o l u b l e  i t  c o u l d  n o t  be
3XXTV
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c a r b o n a t e d  w i t h  s o l i d  o r  l i q u i d  c a r b o n  d i o x i d e .
2 : 5 -D ib ro m o - 3 - n i t r o p y r i d i n e  (X LV III )  d i d  n o t  r e a c t  t o  
an y  a p p r e c i a b l e  e x t e n t  w i t h  l i t h i u m  m e t a l  e v e n  i n  
b o i l i n g  t o l u e n e  an d  c o u l d  be r e c o v e r e d  u n c h a n g e d  a f t e r  
t r e a t m e n t  w i t h  e x c e s s  n - b u t y l  l i t h i u m  f o l l o w e d  by 
c a r b o n a t i o n .
A f t e r  t h e s e  f a i l u r e s ,  r e c o u r s e  h a d  t o  be t a k e n  t o  
t r e a t m e n t  w i t h  c u p r o u s  c y a n i d e  i n  t h e  hope  t h a t  t h e  
b ro m in e  a tom s  m i g h t  be r e p l a c e d  by n i t r i l e  g r o u p s .
2 : 5 -D ib ro m o - 3 - n i t r o p y r i d i n e  (X LV III )  was  h e a t e d  w i t h  
c u p r o u s  c y a n i d e \ a  r e a c t i o n  t o o k  p l a c e  a t  1 8 0 °  a n d  
f r o m  t h e  r e a c t i o n  m i x t u r e  t h e r e  was o b t a i n e d  a  p r o d u c t ,  
C6Hs Os N3Br i n  w h ic h  one o f  t h e  b ro m in e  a to m s  h a d  b e e n  
r e p l a c e d  by a  n i t r i l e  g r o u p .  The p o s i t i o n  o f  t h e  
n i t r i l e  g r o u p  was  d e t e r m i n e d  by h y d r o l y s i s  w i t h  c o n ­
c e n t r a t e d  s u l p h u r i c  a c i d  t o  t h e  amide  w h i c h  was 
d e g r a d e d  t o  t h e  amine by t h e  Hofmann r e a c t i o n .  The 
amine so p r e p a r e d  was  i d e n t i c a l  w i t h  2 - a m i n o - 5 - b ro m o - 
3 - n i t r o p y r i d i n e  (X LII)  and  t h e r e f o r e  i t s  two p r e c u r s o r s  
w ere  5 -b ro m o - 3 - n i t r o p i c o l i n o n i t r i l e  (XLIX) an d  5 - b ro m o - 
3 - n i t r o p i c o l i n a m i d e  ( L ) .
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A t t e m p t s  t o  r e p l a c e  t h e  s e c o n d  b ro m in e  a tom  by- 
h e a t i n g  5 -b ro m o - 3 - n i t r o p i c o l i n o n i t r i l e  (XLIX) w i t h  
c u p r o u s  c y a n i d e  o r  by  r e f l u x i n g  them  t o g e t h e r  i n  
q u i n o l i n e  met  w i t h  no s u c c e s s .
H av in g  f a i l e d  t o  r e p l a c e  t h e  5 - b ro m in e  a to m ,  
p r e s u m a b l y  due t o  i t s  l a c k  o f  r e a c t i v i t y ,  i t  was  
d e c i d e d  t o  i n v e s t i g a t e  t h e  r e a c t i v i t y  o f  t h e  b ro m in e  
a to m s  i n  3 - a m in o - 2 : 5 - d i b r o m o p y r i d i n e  t o w a r d s  c u p r o u s
i
c y a n i d e .  I n  o r d e r  t o  p r e p a r e  t h i s  compound,  2 : 5 -  
d i b r o m o - 3 - n i t r o p y r i d i n e  (XLVIII )  was  r e d u c e d  w i t h  t i n  
an d  h y d r o c h l o r i c  a c i d .  The p r o d u c t  o b t a i n e d  h o w e v e r  
a n a l y s e d  f o r  C5H4Ns C lB r  i n  w h ic h  t h e  n i t r o  g r o u p  h a d  
b e e n  r e d u c e d  t o  amino and  one o f  t h e  b ro m in e  a to m s  
r e p l a c e d  by c h l o r i n e .  T h i s  compound was t h e r e f o r e  
e i t h e r  3 - a m in o - 2 -b ro m o - 5 - c h l o r o p y r i d i n e  o r  3 - a m i n o - 
5 - b r o m o - 2 - c h l o r o p y r i d i n e . T h a t  i t  was  i n  f a c t  t h e  
l a t t e r  compound was p r o v e d  by s y n t h e s i s i n g  b o t h  o f  
them by u n am b ig u o u s  m e t h o d s ,  a n d  c o m p a r in g  t h e i r  
p r o p e r t i e s  w i t h  t h o s e  o f  t h e  compound o b t a i n e d  f r o m  
2 : 5 - d i b r o m o - 3 - n i t r o p y r i d i n e  (X L V I I I ) .
3 -Amino- 5 -b ro m o - 2 - c h i o r o p y r i d i n e  (L I )  was o b t a i n e d  
by t h e  r e d u c t i o n  by i r o n  f i l i n g s  a n d  g l a c i a l  a c e t i c  
a c i d  o f  5 -b ro m o - 2 - c h l o r o - 3 - n i t r o p y r i d i n e  ( L I I ) ,
-  29  -
p r e p a r e d  "by t h e  a c t i o n  o f  p h o s p h o r y l  c h l o r i d e  - 
p h o s p h o r u s  p e n t a c h l o r i d e  m i x t u r e  on 5 - b r o m o - 3 - n i t r o -  
2 - p y r i d o l  (XLVII) an d  by t h e  a c t i o n  o f  n i t r o u s  a c i d  
i n  h y d r o c h l o r i c  a c i d  on 2 - a m i n o - 5 -b ro m o - 3 - n i t r o ­
p y r i d i n e  ( X L I I ) . The 3 - a m i n o - 5 - b r o m o - 2 - c h l o r o p y r i d i n e  
(L I )  t h u s  s y n t h e s i s e d  was i d e n t i c a l  w i t h  t h e  p r o d u c t  
o b t a i n e d  by t h e  a c t i o n  o f  t i n  a n d  c o n c e n t r a t e d  h y d r o ­
c h l o r i c  a c i d  on 2 : 5 - d i b r o m o - 3 - n i t r o p y r i d i n e  ( X L Y I I I ) .
I t  was c h a r a c t e r i s e d  by d i a z o t i s a t i o n  i n  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  i n  t h e  p r e s e n c e  o f  c o p p e r  pow d er  t o  
g i v e  5 - b r o m o - 2 : 3 - d i c h l o r o p y r i d i n e  ( L I I I ) .
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To s y n t h e s i s e  3 - a m in o - 2 -b ro m o - 5 - c h l o r o p y r i d i n e ,
  i \
2 - a m i n o p y r i d i n e  (XXXI) was c h l o r i n a t e d ' i vn  e t h a n o l  a t  ' 
0 °  (24)  t o  g i v e  a  m i x t u r e  o f  2 - a m i n o - 5 - c h l o r o p y r i d i n e  
(LIV) an d  a  compound c l a i m e d  t o  be 2 - a m i n o - 3 : 5 -  
d i c h l o r o p y r i d i n e  ( L V ) . The two compounds w ere  s e p ­
a r a t e d  by m ak in g  u s e  o f  t h e  r e l a t i v e  i n s o l u b i l i t y  o f  
t h e  f o r m e r  i n  l i g h t  p e t r o l e u m .
-  30  -
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The o r i e n t a t i o n  o f  t h e  s u b s t i t u e n t s  i n  2 - a m i n o - 5 -  
c h l o r o p y r i d i n e  (LIY) c a n  be d e d u c e d  f r o m  i t s  p r e p a r a t i o n  
f r o m  2 - a m i n o - 5 - n i t r o p y r i d i n e  (LVI) t h r o u g h  2 : 5 - d i a m i n o  - 
p y r i d i n e  (LV II)  (25)  , an d  f r o m  t h e  c o n v e r s i o n  o f  2 -am in o '  
5 - n i t r o p y r i d i n e  (LVI) t h r o u g h  2 - c h l o r o - 5 - n i t r o p y r i d i n e  
( L V I I I )  (26)  i n t o  5 - a m i n o - 2 - c h l o r o p y r i d i n e  (LIX) (27)  
w h ic h  i s  i d e n t i c a l  w i t h  t h e  p r o d u c t  o b t a i n e d  by t h e  
a c t i o n  o f  h y p o h a l i t e  on  6 - c h i o r o n i c o t i n a m i d e  (LX) (28)  
p r e p a r e d  by t h e  c h l o r i n a t i o n  o f  6 - h y d r o x y n i c o t i n i c  a c i d  
(XXXVII) f o l l o w e d  by t r e a t m e n t  w i t h  a m o n ia  ( 2 9 ) .
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2 -Amino- 5 - c h i o r o p y r i d i n e  (LIV) was  t h e n  n i t r a t e d  
i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  y i e l d i n g  5 - c h l o r o - 2 -  
n i t r a m i n o p y r i d i n e  (LXI) (24)  w h i c h  on i s o m e r i s a t i o n  by
-  31  -
h e a t i n g  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  g a v e  2 - a m i n o - 5 -  
c h l o r o - 3 - n i t r o p y r i d i n e  (L X II)  ( 2 4 ) .  2 -Amino- 5 - c h l o r o -
3 - n i t r o p y r i d i n e  (L X II)  was a l s o  p r e p a r e d  d i r e c t l y  f r o m
2 - a m i n o - 5 - c h l o r o p y r i d i n e  (LIV) w i t h o u t  i s o l a t i o n  o f  t h e  
i n t e r m e d i a t e  5 - c h l o r o - 2 - n i t r a m i n o p y r i d i n e  ( L X I ) .
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The p o s i t i o n  o f  t h e  n i t r o  g r o u p  i n  2 - a m i n o - 5 - c h l o r o
3 - n i t r o p y r i d i n e  (LX II)  f o l l o w s  f ro m  i t s  r e d u c t i o n  w i t h  
t i n  and  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  t o  g i v e  2*.3- 
d i a m i n o - 4 i 5 -  o r  5 : 6 - d i c h l o r o p y r i d i n e  ( L X I I I )  w h ic h  
f o r m s  a  q u i n o x a l i n e  d e r i v a t i v e  (LXIV) w i t h  p h e n a n t h r a -  
q u i n o n e  ( 2 5 ) .
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2 -Amino- 5 - c h l o r o - 3 - n i t r o p y r i d i n e  (LX II)  was t r e a t e d  
w i t h  n i t r o u s  a c i d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  t o  g i v e  
5 - c h l o r o - 3 - n i t r o - 2 - p y r i d o l  (LXV) w h i c h  was  a l s o  o b t a i n e d  
d i r e c t l y  f ro m  2 - a m i n o - 5 - c h i o r o p y r i d i n e  (LIV) w i t h o u t  
i s o l a t i o n  o f  t h e  i n t e r m e d i a t e s  5 - c h l o r o - 2 - n i t r a m i n o p y r i d i n e  
(LXI) and  2 - a m i n o - 5 - c h l o r o - 3 - n i t r o p y r i d i n e  ( L X I I ) . The
-  32  -
h y d r o x y  compound r e a c t e d  w i t h  p h o s p h o r u s  t r i b r o m i d e  -  
p e n t a b r o m i d e  m i x t u r e  g i v i n g  2 - b ro m o - 5 - c h l o r o - 3 - n i t r o ­
p y r i d i n e  (LXVI) w h i c h  on r e d u c t i o n  by i r o n  f i l i n g s  a n d  
g l a c i a l  a c e t i c  a c i d  y i e l d e d  t h e  r e q u i r e d  3 - a m i n o - 2 - b ro m o - 
5 - c h l o r o p y r i d i n e  ( L X V I I ) . T h i s  compound was  d i s t i n c t  
f r o m  t h e  p r o d u c t  o b t a i n e d  by t h e  a c t i o n  o f  t i n  an d  c o n ­
c e n t r a t e d  h y d r o c h l o r i c  a c i d  on 2 : 5 - d i b r o m o - 3 - n i t r o p y r i d i n e  
( X L V I I I ) .
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H aving  d e t e r m i n e d  t h e  s t r u c t u r e  o f  t h i s  p r o d u c t ,  
i t  was  f o u n d  t h a t  t h e  r e q u i r e d  3 - a m i n o - 2 : 5 - d i b r o m o p y r i d i n e  
(LXVIII)  c o u l d  be o b t a i n e d  f r o m  2 : 5 - d i b r o m o - 3 - n i t r o ­
p y r i d i n e  (XLVIII)  i f  t h e  r e d u c t i o n  w ere  c a r r i e d  o u t  by 
i r o n  f i l i n g s  an d  g l a c i a l  a c e t i c  a c i d .  3 -A m in o - 2 : 5 -  
d i b r o m o p y r i d i n e  (LXVIII)  was c h a r a c t e r i s e d  by d i a z o t i s a t i o n
Br
-  33  -
i n  s u l p h u r i c  a c i d  y i e l d i n g  2 : 5 - d i b r o m o - 3 - p y r i d o l  (L X IX ) .
I t  was c o n s i d e r e d  d e s i r a b l e  t o  e l u c i d a t e  t h e  
m ech an ism  w h e re b y  t h e  2 -b ro m in e  a to m  i n  2 : 5 - d i b r o m o - 3 -  
n i t r o p y r i d i n e  (XLVIII )  was  r e p l a c e d  by a  2 - c h l o r i n e  a to m ,  
d u r i n g  i t s  r e d u c t i o n  w i t h  t i n  an d  h y d r o c h l o r i c  a c i d .
T h i s  r e a c t i o n  c o u l d  c o n c e i v a b l y  p r o c e e d  by two d i f f e r e n t  
r o u t e s :
M
I t  was f o u n d  t h a t  when 3 - a m i n o - 2 : 5 - d i b r o m o p y r i d i n e  
(LXVIII)  was r e f l u x e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d ,  3 - a m i n o - 5 -b ro m o - 2 - c h i o r o p y r i d i n e  (L I )  was o b t a i n e d ,  
w h e r e a s  u n d e r  s i m i l a r  r e a c t i o n  c o n d i t i o n s  2 : 5 - d i b r o m o - 3 -  
n i t r o p y r i d i n e  (XLVIII)  g a v e  r i s e  t o  5 - b r o m o - 3 - n i t r o - 2 -  
p y r i d o l  ( X L V I I ) .
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These  e x p e r i m e n t s  n o t  o n l y  s u g g e s t e d  t h a t  t h e  
m ech an ism  o f  t h e  r e a c t i o n  was t h a t  o f  r e d u c t i o n  t o  3 -  
a m i n o - 2 i 5 - d i b r o m o p y r i d i n e  (LXVIII )  f o l l o w e d  by  r e p l a c e ­
m en t  o f  t h e  2 - b ro m in e  a to m ,  b u t  a l s o  d e m o n s t r a t e d  t h e  
e f f e c t  o f  s u b s t i t u e n t  g r o u p s  on t h e  r e a c t i v i t y  o f  t h e  
2 -b ro m in e  a tom  i n  t h e  p y r i d i n e  n u c l e u s .
I n  o r d e r  t o  g i v e  t h i s  work  a  b r o a d e r  b a s i s  i n  
e x p e r i m e n t a l  f a c t ,  a  s e r i e s  o f  r e a c t i o n s  were  c a r r i e d  o u t  
on s i m i l a r  com pounds .  I t  was  f o u n d  t h a t  on r e f l u x i n g  
2 -b ro m o - 5 - c h l o r o - 3 - n i t r o p y r i d i n e  (LXVI) w i t h  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d ,  5 - c h l o r o - 3 - n i t r o - 2 - p y r i d o l  (LXV) was  
o b t a i n e d ,  w h i l e  u n d e r  s i m i l a r  c o n d i t i o n s  3 - a m i n o - 2 - b r o m o - 
5 - c h l o r o p y r i d i n e  (LXVII) y i e l d e d  3 - a m i n o - 2 : 5 - d i c h l o r o -  
p y r i d i n e ^ ( L X X ) . T h i s  l a s t  compound was i d e n t i c a l  w i t h  
t h e  p r o d u c t  o b t a i n e d  by t h e  r e d u c t i o n  by i r o n  f i l i n g s  
an d  g l a c i a l  a c e t i c  a c i d  o f  2 i 5 - d i c h l o r o - 3 - n i t r o p y r i d i n e  
(LXXI) p r e p a r e d  by t h e  a c t i o n  o f  p h o s p h o r y l  c h l o r i d e -
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-  35  -
p h o s p h o r u s  p e n t a c h l o r i d e  m i x t u r e  on 5 - c h l o r o - 3 - n i t r o - 2 -  
p y r i d o l  (LXV) an d  by t h e  a c t i o n  o f  n i t r o u s  a c i d  i n  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  on 2 - a m i n o - 5 - c h l o r o - 3 -  
n i t r o p y r i d i n e  ( L X I I ) .
F i n a l l y  i t  was  d e c i d e d  t o  s t u d y  t h e  r e a c t i o n  o f  t h e  
p a r e n t  compounds 2 - b ro m o - 3 - n i t r o p y r i d i n e  and  3 - a m i n o - 2 -  
b r o m o p y r i d i n e  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  To 
o b t a i n  t h e s e  two com pounds ,  2 - a m i n o p y r i d i n e  (XXXI) was  
f i r s t  n i t r a t e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  t o  g i v e
2 - n i t r a m i n o p y r i d i n e  (LXXII) (30)  w h i c h  on h e a t i n g  i n  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  i s o m e r i s e d  t o  f o r m  a  m i x t u r e  
o f  2 - a m i n o - 3 - n i t r o p y r i d i n e  (LXXIII)  and  2 - a m i n o - 5 - n i t r o  - 
p y r i d i n e  (LVI) ( 3 0 ) .  T h i s  same m i x t u r e  was  a l s o  
o b t a i n e d  d i r e c t l y  f ro m  2 - a m i n o p y r i d i n e  (XXXI) w i t h o u t  
i s o l a t i o n  o f  t h e  i n t e r m e d i a t e  2 - n i t r a m i n o p y r i d i n e  (LXXII)  
( 3 0 ) .  S e p a r a t i o n  o f  t h e  m i x t u r e  was a c h i e v e d  by 
f r a c t i o n a l  c r y s t a l l i s a t i o n  f r o m  e t h a n o l - a c e t o n e  m i x t u r e .
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The s t r u c t u r e  o f  2 - a m i n o - 3 - n i t r o p y r i d i n e  (LX XIII)  h a s  
b e e n  e s t a b l i s h e d  by r e d u c t i o n  t o  2 : 3 - d i a m i n o p y r i d i n e  
(LXXIV) w h i c h  w i t h  n i t r o u s  a c i d  f o r m s  a  t r i a z i n e  (LXXV)
( 2 5 ) .
T r e a t m e n t  o f  2 - a m i n o - 3 - n i t r o p y r i d i n e  (LX XIII)  w i t h  
n i t r o u s  a c i d  i n  s u l p h u r i c  a c i d  gave  3 - n i t r o - 2 - p y r i d o l  
(LXXVI) (27)  w h i c h  was  c h a r a c t e r i s e d  by t h e  f o r m a t i o n  
o f  i t s  s o d iu m  s a l t  (LX XV II) .
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On t r e a t m e n t  w i t h  p h o s p h o r u s  t r i b r o m i d e - p e n t a b r o m i d e  
m i x t u r e ,  3 - n i t r o - 2 - p y r i d o l  (LXXVI) gav e  r i s e  t o  two 
p r o d u c t s :  one was  t h e  r e q u i r e d  2 -b ro m o - 3 - n i t r o p y r i d i n e
(L X X V II I ) , t h e  o t h e r  b e i n g  a  compound,  m . p . 8 0 ° .  The 
s e c o n d  p r o d u c t  a n a l y s e d  f o r  a  m i x t u r e  o f  b r o m o n i t r o -  
p y r i d i n e  and  d i b r o m o n i t r o p y r i d i n e  w i t h  t h e  l a t t e r  p r e ­
d o m i n a t i n g .  I t  was n o t  f o u n d  p o s s i b l e  t o  e f f e c t  a  
s e p a r a t i o n  o f  t h e  c o n s t i t u e n t s  o f  t h e  compound,  m . p . 8 0 °  
by  c r y s t a l l i s a t i o n ,  h o w e v e r  t h e  p r e s e n c e  o f  2 : 5 - d i b r o m o -
3 - n i t r o p y r i d i n e  (XLVIII )  was v e r i f i e d  by t h e  i s o l a t i o n  
i n  g o o d  y i e l d  o f  3 - a m i n o - 2 : 5 - d i b r o m o p y r i d i n e  (LX V III )  on 
r e d u c t i o n  w i t h  i r o n  f i l i n g s  a n d  g l a c i a l  a c e t i c  a c i d  a n d  
by r e f l u x i n g  i t  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  t o
-  37  -
g i v e  5 - b ro m o - 3 - n i t r o - 2 - p y r i d o l  (XLVII) a l s o  i n  good  
y i e l d .  The r e q u i r e d  3 - a m i n o - 2 - b r o m o p y r i d i n e  (LXXIX) 
was  o b t a i n e d  by t h e  r e d u c t i o n  o f  2 -b ro m o - 3 - n i t r o p y r i d i n e  
(LXXVIII) w i t h  i r o n  f i l i n g s  and  g l a c i a l  a c e t i c  a c i d .
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I t  was f o u n d  t h a t  on r e f l u x i n g  2 -b ro m o - 3 - n i t r o p y r i d i n e  
(LXXVIII) w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  3 - n i t r o -
2 - p y r i d o l  (LXXVI) was o b t a i n e d .  I n  t h e  c a s e  o f  3 -am in o  -
2 - b r o m o p y r i d i n e  (LXXIX), r e f l u x i n g  w i t h  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  g a v e  3 - a m i n o - 2 - e h l o r o p y r i d i n e  (LXXX), 
w h ic h  h a s  t h e  same p r o p e r t i e s  a s  t h e  compound o b t a i n e d  by 
t h e  m o n o c h l o r i n a t i o n  o f  3 - a m i n o p y r i d i n e  by SchicJ^h, B in z  
and  S c h u l z  (31)  an d  w h ic h  i s  i d e n t i c a l  w i t h  t h e  p r o d u c t  
o b t a i n e d  by t h e  same a u t h o r s  (31)  by t h e  r e d u c t i o n  o f  2 -  
c h l o r o - 3 - n i t r o p y r i d i n e  (LXXXI) w i t h  i r o n  f i l i n g s  a n d  
g l a c i a l  a c e t i c  a c i d .  2 - C h l o r o - 3 - n i t r o p y r i d i n e  (LXXXI) 
w h ic h  was o b t a i n e d  by t h e  a c t i o n  o f  a  p h o s p h o r y l  c h l o r i d e - 
p h o s p h o r u s  p e n t a c h l o r i d e  m i x t u r e  on 3 - n i t r o - 2 - p y r i d o l
-  38  -
(LXXVI) i s  i d e n t i c a l  w i t h  t h e  p r o d u c t  o b t a i n e d  by  
T s c h i t s c h i b a b i n  and  B y l i n k i n  (27)  by t h e  t r e a t m e n t  o f
2 - a m in o - 3 - n i t r o p y r i d i n e  (LX XIII)  w i t h  n i t r o u s  a c i d  i n  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .
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way:
These  r e s u l t s  may be s u m m a r i s e d  i n  t h e  f o l l o w i n g
3 S
I n  t h e  g e n e r a l  f o r m u l a  LXXXII, w here  Y may be 
h y d r o g e n ,  c h l o r i n e  o r  b r o m i n e ,  when X i s  n i t r o  t h e  2 -  
b ro m in e  a tom  w i l l  be r e p l a c e d  by h y d r o x y  on r e f l u x i n g  
w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  w h e r e a s  when X i s  
amino u n d e r  s i m i l a r  c o n d i t i o n s  t h e  2 - b ro m in e  a to m  w i l l  
be r e p l a c e d  by c h l o r i n e .  T h e re  c a n  be no r e a s o n a b l e  
d o u b t  t h a t  t h e  d i f f e r e n t  e f f e c t s  o f  t h e  n i t r o  g r o u p  a n d
-  39  -
t h e  amino g r o u p  o r t h o  t o  t h e  2 - b ro m in e  a to m  a r e  due t o  
t h e  g r e a t e r - I  e f f e c t  o f  t h e  n i t r o  g r o u p  w h ic h  i m p a r t s  
a  more  h i g h l y  i o n i c  c h a r a c t e r  t o  t h e  b r o m i n e - c a r b o n  
b o n d .  The c o n d i t i o n s  u s e d  b e i n g  h y d r o l y t i c , t h e  2 -  
b ro m in e  a tom  i s  r e p l a c e d  by a  h y d r o x y  g r o u p .  C o n v e r s e l y ,  
t h e  e f f e c t  o f  t h e  o r t h o  amino g r o u p  i s  t o  s t r e n g t h e n  
t h e  b r o m i n e - c a r b o n  bond e n o u g h  t o  w i t h s t a n d  t h e  
h y d r o l y t i c  c o n d i t i o n s ,  b u t  n o t  e n o u g h  a p p a r e n t l y  t o  
w i t h s t a n d  r e p l a c e m e n t  o f  t h e  b ro m in e  by c h l o r i n e .
H a v in g  i n v e s t i g a t e d  t h e s e  r e a c t i o n s ,  a t t e n t i o n  was  
once  a g a i n  t u r n e d  t o  t h e  r e a c t i v i t y  o f  5 -b ro m in e  a to m s  
t o w a r d s  c u p r o u s  c y a n i d e .  On h e a t i n g  3 - a m i n o - 2 : 5 -  
d i b r o m o p y r i d i n e  (LX VIII)  w i t h  c u p r o u s  c y a n i d e ,  r e a c t i o n  
t o o k  p l a c e  a t  1 8 0 ° j  a  p r o d u c t ,  C6H4N3Br i n  w h i c h  one 
o f  t h e  b rom ine  a to m s  h a d  b e e n  r e p l a c e d  by a  n i t r i l e  
g r o u p  was i s o l a t e d  f r o m  t h e  r e a c t i o n  m i x t u r e .  T h a t  
t h i s  compound was 3 - a m i n o - 5 - b r o m o p i c o l i n o n i t r i l e  
(LXXXIII) was p r o v e d  by h y d r o l y s i s  w i t h  c o n c e n t r a t e d  
s u l p h u r i c  a c i d .  Two p r o d u c t s  w ere  i s o l a t e d :  t h e  f i r s t
was  3 - a m i n o - 5 - b r o m o p i c o l i n a m i d e  (LXXXIV) i d e n t i c a l  w i t h  
t h e  compound o b t a i n e d  by r e d u c i n g  5 - b ro m o - 3 - n i t r o - 
p i c o l i n a m i d e  (L) w i t h  i r o n  f i l i n g s  a n d  g l a c i a l  a c e t i c  
a c i d ,  t h u s  v e r i f y i n g  t h e  s t r u c t u r e s  a s s i g n e d  t o  3 -am in o  -
5 - b r o m o p i c o l i n o n i t r i l e  (LXXXIII) an d  3 - a m i n o - 5 -b ro m o -  
p i c o l i n a m i d e  (LXXXIV) \  t h e  s e c o n d  p r o d u c t  a n a l y s e d  f o r
-  40  -
C e^O g N g B rN a^H g O  i n  w h ic h  NHg i n  3 - a m i n o - 5 - b ro m o - 
p i c o l i n a m i d e  (LXXXIV) h a d  b e e n  r e p l a c e d  by NaO. W h e th e r  
t h e  amido o r  t h e  amino g r o u p  h a d  b e e n  a f f e c t e d  was  n o t  
p r o v e d ,  b u t  t h a t  t h e  l a t t e r  h a d  o c c u r r e d  was c o n s i d e r e d  
more p r o b a b l e  s i n c e  u n d e r  s i m i l a r  c o n d i t i o n s  t h e  amido 
g r o u p  i n  5 -b ro m o - 3 - n i t r o p i c o l i n a m i d e  (L) was n o t  
h y d r o l y s e d ;  i n d e e d ,  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  
p r e v i o u s l y  d i s c u s s e d  d i f f e r e n t  e f f e c t s  o f  t h e  o r t h o  n i t r o  
g r o u p  an d  t h e  o r t h o  amino g r o u p ,  i t  w o u ld  be e x p e c t e d  
t h a t  t h e  amido g r o u p  be more d i f f i c u l t l y  h y d r o l y s a b l e  
i n  3 - a m in o - 5 -b ro m o p i  c o l  i n a m i d e  (LXXXIV) t h a n  i n  5 - b r o m o -
3 - n i t r o p i c o l i n a m i d e  ( L ) . On t h i s  a c c o u n t ,  i t  seems n o t  
u n r e a s o n a b l e  t o  f o r m u l a t e  t h e  s e c o n d  p r o d u c t  a s  t h e  
d i h y d r a t e  o f  t h e  s o d iu m  s a l t  (LXXXV) o f  5 - b r o m o - 3 - h y d r o x y - 
p i c o l i n a m i d e .
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A l l  a t t e m p t s  t o  r e p l a c e  t h e  5 -b ro m in e  a to m  by 
h e a t i n g  3 - a m i n o - 5 - b r o m o p i c o l i n o n i t r i l e  (LXXXIII) w i t h
-  41  -
c u p r o u s  c y a n i d e  w ere  u n s u c c e s s f u l .
I n  v i e w  o f  t h e  l a c k  o f  r e a c t i v i t y  o f  5 -b ro m in e  
a to m s  t o w a r d s  c u p r o u s  c y a n i d e ,  i t  was d e c i d e d  t o  
i n v e s t i g a t e  s i m i l a r  compounds c o n t a i n i n g  5 - c h l o r i n e  
a t o m s .  Thus i t  was f o u n d  t h a t  b o t h  2 - b ro m o - 5 - c h l o r o -
3 - n i t r o p y r i d i n e  (LXVI) and  3 - a m i n o - 2 - b ro m o - 5 - c h l o r o - 
p y r i d i n e  (LXVII) r e a c t e d  w i t h  c u p r o u s  c y a n i d e  a t  h i g h  
t e m p e r a t u r e s  t o  g i v e  5 - c h l o r o - 3 - n i t r o p i c o l i n o n i t r i l e  
(LXXXVI) an d  3 - a m i n o - 5 - c h l o r o p i c o l i n o n i t r i l e  (LXXXVII) 
r e s p e c t i v e l y .  5 - C h l o r o - 3 - n i t r o p i c o l i n o n i t r i l e  (LXXXVI) 
was c h a r a c t e r i s e d  by h y d r o l y s i n g  w i t h  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  t o  fo rm  5 - c h l o r o - 3 - n i t r o p i c o l i n a m i d e  
(LXXXVIII) . U nde r  s i m i l a r  c o n d i t i o n s ,  3 - a m i n o - 5 -  
c h l o r o p i c o l i n o n i t r i l e  (LXXXVII) gave  3 - a m i n o - 5 - c h l o r o - 
p i c o l i n a m i d e  (LXXXIX), i d e n t i c a l  w i t h  t h e  p r o d u c t  
o b t a i n e d  by t h e  r e d u c t i o n  o f  5 - c h l o r o - 3 - n i t r o p i c o l i n a m i d e  
(LXXXVIII) w i t h  i r o n  f i l i n g s  and  g l a c i a l  a c e t i c  a c i d ,
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an d  t h e  so d iu m  s a l t  (XC) o f  5 - c h l o r o - 3 - h y d r o x y p i c o l i n ­
amide  .
A t t e m p t s  t o  r e p l a c e  t h e  5 - c h l o r i n e  a to m  by h e a t i n g
5 - c h l o r o - 3 - n i t r o p i c o l i n o n i t r i l e  (LXXXVI) o r  3 - a m i n o - 5 -  
c h l o r o p i c o l i n o n i t r i l e  (LXXXVII) w i t h  c u p r o u s  c y a n i d e  o r  
by r e f l u x i n g  them t o g e t h e r  i n  q u i n o l i n e  m e t  w i t h  no 
s u c c e s s .
I t  was  f o u n d  t h a t  2 -b ro m o - 3 - n i t r o p y r i d i n e  (LXXVIII) 
an d  3 - a m i n o - 2 - b r o m o p y r i d i n e  (LXXIX) a l s o  r e a c t e d  w i t h  
c u p r o u s  c y a n i d e  t o  g i v e  3 - n i t r o p i c o l i n o n i t r i l e  (XCI) an d
3 - a m i n o p i c o l i n o n i t r i l e  (XCII)  r e s p e c t i v e l y .  H y d r o l y s i s  
o f  3 - n i t r o p i c o l i n o n i t r i l e  (XCI) w i t h  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  gave  3 - n i t r o p i c o l i n a m i d e  ( X C I I I ) , w h e r e a s  
u n d e r  s i m i l a r  c o n d i t i o n s  3 - a m i n o p i c o l i n o n i t r i l e  (XCII)  
y i e l d e d  3 - a m i n o p i c o l i n a m i d e  (X CIV), i d e n t i c a l  w i t h  t h e  
p r o d u c t  o b t a i n e d  by t h e  r e d u c t i o n  o f  3 - n i t r o p i c o l i n a m i d e  
(X C I I I )  w i t h  i r o n  f i l i n g s  an d  g l a c i a l  a c e t i c  a c i d ,  an d
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t h e  so d iu m  s a l t  (XCY) o f  3 - h y d r o x y p i c o l i n a m i d e .
(D) N i t r a t i o n  o f  6 - H y d r o x y n i c o t i n i c  A c id  an d  R e l a t e d  
Compounds.
I n  v ie w  o f  t h e  l a c k  o f  r e a c t i v i t y  o f  5 - h a l o g e n  a to m s  
i n  t h e  p y r i d i n e  n u c l e u s  d i s c u s s e d  i n  ( C ) ,  a l t e r n a t i v e  
m e th o d s  o f  i n t r o d u c i n g  5 - c a r b o x y  g r o u p s  w ere  i n v e s t i g a t e d .  
I n  1924 T s c h i t s c h i b a b i n  a n d  K i r s s a n o w  (32)  f o u n d  t h a t  
sod ium  2 - p y r i d o l a t e  (XCV I) , p r e p a r e d  f ro m  2 - a m i n o p y r i d i n e  
(XXXI) by t h e  a c t i o n  o f  n i t r o u s  a c i d  i n  s u l p h u r i c  a c i d  
t o  g i v e  2 - p y r i d o l  (XCVII) ( 3 3 ) ,  (34)  f o l l o w e d  by t r e a t m e n t  
w i t h  a l k a l i  ( 3 4 ) ,  on h e a t i n g  u n d e r  p r e s s u r e  i n  an  
a t m o s p h e r e  o f  c a r b o n  d i o x i d e  u n d e r w e n t  a  K olbe  r e a c t i o n ,  
and  t h a t  o n l y  t h e  p a r a  i s o m e r ,  6 - h y d r o x y n i c o t i n i c  a c i d  
(XXXVII) , was f o r m e d .  T h i s  p r o d u c t  i s  i d e n t i c a l  w i t h  
t h a t  o b t a i n e d  f ro m  m a l i c  a c i d  (X X X V III ) , t h r o u g h  c o u m a l i c  
a c i d  (XXXIX) and  m e t h y l  c o u m a l a t e  (XL) (20)  ( 2 1 ) .
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A 5 - n i t r o  g r o u p  c a n  be i n t r o d u c e d  i n t o  6 - h y d r o x y ­
n i c o t i n i c  a c i d  (XXXVII) by t h e  f o l l o w i n g  t e d i o u s  m e th o d :
6 - h y d r o x y n i c o t i n i c  a c i d  (XXXVII) i s  h e a t e d  a t  1 0 0 °  w i t h  
p h o s p h o r y l  c h l o r i d e  and  t h e  p r o d u c t  decom posed  w i t h  
m e t h a n o l  t o  f o r m  m e t h y l  6 - c h l o r o n i c o t i n a t e  (XCVIII)  ( 3 5 ) ,  
w h i c h  on t r e a t m e n t  w i t h  ammonia a t  room t e m p e r a t u r e  
y i e l d s  6 - c h l o r o n i c o t i n a m i d e  ( L X ) , i d e n t i c a l  w i t h  t h e  
compound o b t a i n e d  by F o r r e s t  and  W alke r  (29)  by t h e  
c h l o r i n a t i o n  o f  6 - h y d r o x y n i c o t i n i c  a c i d  (XXXVII) f o l l o w e d  
by t r e a t m e n t  w i t h  ammonia.  On h e a t i n g  6 - c h l o r o n i c o t i n ­
amide (LX) w i t h  ammonia t h e r e  i s  o b t a i n e d  6 - a m i n o n i c o t i n -  
amide (XXXVI) (19)  w h ic h  c a n  be p r e p a r e d  d i r e c t l y  f r o m  
m e t h y l  6 - c h l o r o n i c o t i n a t e  (XCVIII)  w i t h o u t  i s o l a t i o n  o f  
t h e  i n t e r m e d i a t e  6 - c h l o r o n i c o t i n a m i d e  ( L X ) . H y d r o l y s i s  
o f  6 - a m i n o n i c o t i n a m i d e  (XXXVI) w i t h  a q u e o u s  sod ium  
h y d r o x i d e  g i v e s  6 - a m i n o n i c o t i n i c  a c i d  (XCIX) (19)  w h ic h  
c a n  a l s o  be o b t a i n e d  more d i r e c t l y  f ro m  6 - h y d r o x y n i c o t i n i c  
a c i d  (XXXVII) by c h l o r i n a t i o n  w i t h  p h o s p h o r y l  c h l o r i d e - 
p h o s p h o r u s  p e n t a c h l o r i d e  m i x t u r e  y i e l d i n g  6 - c h l o r o n i c o t i n i c  
a c i d  (C) (21)  f o l l o w e d  by a m m o n o ly s i s  ( 3 6 ) .  The 5 - n i t r o  
g r o u p  c a n  be i n t r o d u c e d  by two m e t h o d s :  by n i t r a t i o n  o f
6 - a m i n o n i c o t i n i c  a c i d  (XCIX) i n  c o n c e n t r a t e d  s u l p h u r i c  
a c i d  t o  f o r m  6 - n i t r a m i n o n i c o t i n i c  a c i d  (C l )  f o l l o w e d  by  
i s o m e r i s a t i o n  by h e a t i n g  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  
y i e l d i n g  6 - a m in o - 5 - n i t r o n i c o t i n i c  a c i d  ( C I I )  o r  by t h e
-  45  -
f o r m a t i o n  o f  6 - a m i n o n i c o t i n i c  a c i d  n i t r a t e  ( C I I I )  w h ic h  
on h e a t i n g  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  a l s o  g i v e s  6 -  
a m i n o - 5 - n i t r o n i c o t i n i c  a c i d  ( C I I )  ( 3 7 ) .
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The p o s i t i o n  o f  t h e  n i t r o  g r o u p  i n  6 - a m i n o - 5 - n i t r o - 
n i c o t i n i c  a c i d  ( C I I )  f o l l o w s  f r o m  i t s  r e d u c t i o n  w i t h  t i n  
and  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  t o  5 : 6 - d i a m i n o n i c o t i n i c  
a c i d  (CIV) (37)  w h ic h  w i t h  n i t r o u s  a c i d  f o r m s  a  t r i a z i n e  
(CV) ( 3 6 ) .
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The f i n a l  s t a g e  i n  t h e  s y n t h e s i s  i s  a c h i e v e d  by
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h e a t i n g  6 - a m i n o - 5 - n i t r o n i c o t i n i c  a c i d  ( C I I )  w i t h  a l k a l i ,  
y i e l d i n g  6 - h y d r o x y - 5 - n i t r o n i c o t i n i c  a c i d  (CVlJ ( 3 7 ) .
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I n  o r d e r  t o  s h o r t e n  t h i s  s y n t h e s i s ,  t h e  n i t r a t i o n  
o f  6 - h y d r o x y n i c o t i n i c  a c i d  (XXXVII) u n d e r  v a r y i n g  
c o n d i t i o n s  was s t u d i e d .  T r e a t m e n t  o f  6 - h y d r o x y n i c o t i n i c  
a c i d  (XXXVII) w i t h  f u m in g  n i t r i c  a c i d  a t  5 0 °  gav e  6 -  
h y d r o x y - 5 - n i t r o n i c o t i n i c  a c i d  (CVI) i d e n t i c a l  i n  e v e r y  
r e s p e c t  w i t h  t h e  compound o b t a i n e d  by E a t h  and P r a n g e  
( 3 7 ) .  6 -H y d ro x y - 5 - n i t r o n i c o t i n i c  a c i d  (CVI) was
c h a r a c t e r i s e d  by t h e  f o r m a t i o n  o f  i t s  m e t h y l  and  e t h y l  
e s t e r s  (C V II ,  E = Me a n d  E t  r e s p e c t i v e l y ) .  When 
r e f l u x e d  w i t h  f u m i n g  n i t r i c  a c i d ,  6 - h y d r o x y n i c o t i n i c  
a c i d  (XXXVII) gave  a  d i n i t r o p y r i d o l , m . p . 1 7 5 0 w h ic h  was 
a l s o  o b t a i n e d  by s i m i l a r  t r e a t m e n t  o f  6 - h y d r o x y - 5 -  
n i t r o n i c o t i n i c  a c i d  (C V I) .  The compound,  m . p . 1 7 5 0 
w h ic h  was c h a r a c t e r i s e d  by t h e  f o r m a t i o n  o f  i t s  so d iu m  
s a l t  was i d e n t i f i e d  a s  3 : 5 - d i n i t r o - 2 - p y r i d o l  ( C V I I I )  by 
t h e  f o l l o w i n g  u n am b ig u o u s  s y n t h e s e s :  2 - a m i n o - 3 : 5 -
d i n i t r o p y r i d i n e  (CIX) h a s  b e e n  p r e p a r e d  ( 3 8 ) ,  (39)  by 
t h e  n i t r a t i o n  o f  e i t h e r  2 - a m i n o - 3 - n i t r o p y r i d i n e  (LXXIII)  
o r  2 - a m i n o - 5 - n i t r o p y r i d i n e  (LVI) i n  e a c h  c a s e  by a c i d -
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r e a r r a n g e m e n t  o f  t h e  ( d i f f e r e n t )  n i t r a m i n o n i t r o  i n t e r ­
m e d i a t e s .  These  f a c t s  have  b e e n  c o n t e s t e d  by R&th and  
P r a n g e  (40)  who h av e  f o u n d  t h a t  on h e a t i n g  2 - n i t r a m i n o -
5 - n i t r o p y r i d i n e  (CX) i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  
t h e r e  i s  o b t a i n e d  o n l y  5 - n i t r o - 2 - p y r i d o l  (C X I ) .  I n  o u r  
h a n d s ,  n i t r a t i o n  o f  a  m i x t u r e  o f  2 - a m i n o - 3 - n i t r o p y r i d i n e  
(LXXIII)  an d  2 - a m i n o - 5 - n i t r o p y r i d i n e  (LVI) i n  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  f o l l o w e d  by a c i d - r e a r r a n g e m e n t  y i e l d e d  a  
m i x t u r e  o f  t h e  r e q u i r e d  2 - a m i n o - 3 : 5 - d i n i t r o p y r i d i n e  (CIX) 
and  5 - n i t r o - 2 - p y r i d o l  (C X I) ,  i d e n t i c a l  w i t h  t h e  p r o d u c t  
o b t a i n e d  by t h e  a c t i o n  o f  n i t r o u s  a c i d  i n  s u l p h u r i c  a c i d  
on t h e  same m i x t u r e  o f  2 - a m i n o - 3 - n i t r o p y r i d i n e  (LXXIII )  
an d  2 - a m in o - 5 - n i t r o p y r i d i n e  (LVI) ( 3 0 ) ,  ( c f*  T s c h i t s c h i b a b i n
(26)  who u s e s  p u r e  2 - a m i n o - 5 - n i t r o p y r i d i n e  ( L V I ) ) .  5 -
N i t r o - 2 - p y r i d o l  (CXI) was c h a r a c t e r i s e d  by t h e  f o r m a t i o n  
o f  i t s  sod ium  s a l t  (CXII)  w h i c h  h a s  p r o p e r t i e s  s i m i l a r  t o  
t h o s e  o f  t h e  compound o b t a i n e d  by  t h e  a l k a l i n e  h y d r o l y s i s
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o f  2 - n i t r a m i n o - 5 - n i t r o p y r i d i n e  (CX) (40 )*  T r e a t m e n t  
o f  2 - a m i n o - 3 : 5 - d i n i t r o p y r i d i n e  (CIX) w ith ,  n i t r o u s  a c i d  
i n  s u l p h u r i c  a c i d  y i e l d e d  3 : 5 - d i n i t r o - 2 - p y r i d o l  (C V I I I )  
i d e n t i c a l  w i t h  t h e  s p e c im e n  o b t a i n e d  by t h e  d i r e c t  
n i t r a t i o n  o f  6 - h y d r o x y n i c o t i n i c  a c i d  (XXXVII) .
A l t e r n a t i v e l y  3 : 5 - d i n i t r o - 2 - p y r i d o l  (C V I I I )  was 
o b t a i n e d  by t h e  n i t r a t i o n  o f  3 - n i t r o - 2 - p y r i d o l  (LXXVI) 
i n  fu m in g  n i t r i c  a c i d  o r  i n  m ix ed  a c i d ,  a n d  o f  5 - n i t r o - 
2 - p y r i d o l  (CXI) i n  fu m in g  n i t r i c  a c i d .  N i t r a t i o n  o f  5 -  
n i t r o - 2 - p y r i d o l  (CXI) i n  m ix e d  a c i d  y i e l d e d  a  p r o d u c t ,  
m . p . 1 4 8 - 1 4 0 °  w h ic h  was  shown by a n a l y s i s  an d  l i g h t  
a b s o r p t i o n  t o  be a  m i x t u r e  o f  5 - n i t r o - 2 - p y r i d o l  (CXI) 
and  3 : 5 - d i n i t r o - 2 - p y r i d o l  (C V I I I )  i n  a p p r o x i m a t e l y  e q u a l  
p r o p o r t i o n s .  C r y s t a l l i s a t i o n  o f  5 - n i t r o - 2 - p y r i d o l  (CXI) 
and  3 : 5 - d i n i t r o - 2 - p y r i d o l  (C V I I I )  t o g e t h e r  f ro m  w a t e r  
gave  t h e  same p r o d u c t ,  w h i c h  was c o n v e r t e d  i n t o  t h e  
r e q u i r e d  3 : 5 - d i n i t r o - 2 - p y r i d o l  (C V I I I )  by n i t r a t i o n  i n  
f u m in g  n i t r i c  a c i d .
F i n a l l y ,  t h e - n i t r a t i o n  o f  2 - p y r i d o l  (XCVII) was 
i n v e s t i g a t e d .  N i t r a t i o n  i n  f u m i n g  n i t r i c  a c i d  y i e l d e d  
a  p r o d u c t ,  m . p . 1 5 1 - 1 5 2 °  w h ic h  was  a l s o  o b t a i n e d  by  a
-  49  -
s i m i l a r  n i t r a t i o n  o f  s o d iu m  2 - p y r i d o l a t e  (X CV I) . The 
p r o d u c t ,  m. p .  1 5 1 -1 5  2 °  was  shown by a n a l y s i s  and  l i g h t  
a b s o r p t i o n  t o  be a  m i x t u r e  o f  5 - n i t r o - 2 - p y r i d o l  (CXI) 
an d  3 : 5 - d i n i t r o - 2 - p y r i d o l  ( C V I I I ) .  A t t e m p t s  t o  p r e p a r e  
i t  by  t h e  c r y s t a l l i s a t i o n  o f  5 - n i t r o - 2 - p y r i d o l  (CXI) an d  
3 : 5 - d i n i t r o - 2 - p y r i d o l  (C V I I I )  o r  o f  3 - n i t r o - 2 - p y r i d o l  
(LXXVI) an d  3 : 5 - d i n i t r o - 2 - p y r i d o l  (C V I I I )  t o g e t h e r  f ro m  
w a t e r  w ere  n o t  s u c c e s s f u l .  F u r t h e r  n i t r a t i o n  o f  t h e  
compound,  m . p . 1 5 1 - 1 5 2 °  i n  fu m in g  n i t r i c  a c i d  y i e l d e d  t h e  
r e q u i r e d  3 : 5 - d i n i t r o - 2 - p y r i d o l  ( C V I I I ) .
A f u r t h e r  p r o o f  o f  t h e  s t r u c t u r e  a s c r i b e d  t o  t h e  
d i n i t r a t i o n  p r o d u c t  f r o m  6 - h y d r o x y n i c o t i n i c  a c i d  (XXXVII) 
was o b t a i n e d  by a  s t u d y  o f  t h e  n i t r a t i o n  o f  l : 6 - d i h y d r o -
6 - k e t o - l - m e t h y l n i c o t i n i c  a c i d  ( C X I I I ) .  The s t r u c t u r e  
o f  1 : 6 - d i h y d r o - 6 - k e t o - 1 - m e t h y l n i c o t i n i c  a c i d  (C X I I I )  
h a s  b e e n  d e t e r m i n e d  by  i t s  f o r m a t i o n  by t h e  m e t h y l a t i o n  
o f  6 - h y d r o x y n i c o t i n i c  a c i d  (XXXVII) (41 )  ( c f .  (42)  i n  
w h ic h  1 : 6 - d i h y d r o - 6 - k e t o - l - m e t h y l n i c o t i n i c  a c i d  ( C X I I I )  
i s  p r e p a r e d  by t h e  m e t h y l a t i o n  o f  n i c o t i n i c  a c i d  f o l l o w e d  
by o x i d a t i o n ) .  T r e a t m e n t  o f  1 : 6 - d i h y d r o - 6 - k e t o - 1 -
j m s n n
-  5 0  -
m e t h y l n i c o t i n i c  a c i d  (C X I I I )  w i t h  f u m in g  n i t r i c  a c i d  a t  
5 5 °  gav e  1 : 6 - d i h y d r o - 6 - k e t o - 1 - m e t h y l - 5 - n i t r o n i c o t i n i c  
a c i d  (CXIV) c h a r a c t e r i s e d  by t h e  f o r m a t i o n  o f  i t s  m e t h y l  
an d  e t h y l  e s t e r s  (CXV, R = Me a n d  E t  r e s p e c t i v e l y ) .
When h o w e v e r  1 : 6 - d i h y d r o - 6 - k e t o - 1 - m e t h y l n i c o t i n i c  a c i d  
(C X I I I )  was r e f l u x e d  w i t h  f u m in g  n i t r i c  a c i d  i t  gave  a  
d i h y d r o m e t h y l d i n i t r o p y r i d o n e , m . p . l 7 8 °  w h i c h  was  a l s o  
o b t a i n e d  by s i m i l a r  t r e a t m e n t  o f  1 : 6 - d i h y d r o - 6 - k e t o - 1 -  
m e t h y l - 5 - n i t r o n i c o t i n i c  a c i d  (CX IV ) . The compound,  
m . p . l 7 8 °  was i d e n t i f i e d  a s  1 : 2 - d i h y d r o - 1 -me t h y  1 - 3 : 5  - 
d i n i t r o - 2 - p y r i d o n e  (CXVI) by i t s  f o r m a t i o n  f r o m  1 : 2 -  
d i h y d r o - l - m e t h y l - 3 - n i t r o - 2 - p y r i d o n e  (CXVII) a n d  1 : 2 -  
d i h y d r o - l - m e t h y l - 5 - n i t r o - 2 - p y r i d o n e  (CXVIII)  by n i t r a t i o n .  
1 : 2 - D i h y d r o - l - m e t h y l - 3 - n i t r o - 2 - p y r i d o n e  (CXVII) was  
o b t a i n e d  by t h e  m e t h y l a t i o n  o f  3 - n i t r o - 2 - p y r i d o l  (LXXVI) 
an d  h a s  t h e  same p r o p e r t i e s  a s  t h e  compound p r e p a r e d  by 
T s c h i t s c h i b a b i n  an d  IConowalowa (43)  f r o m  2 - a m i n o - 3 - n i t r o -  
p y r i d i n e  (LX XIII )  by n i t r a t i o n  an d  m e t h y l a t i o n  f o l l o w e d  
by t r e a t m e n t  w i t h  a l k a l i .  l : 2 - D i h y d r o - l - m e t h y l - 5 - n i t r o -  
2 - p y r i d o n e  (CXVIII)  was  p r e p a r e d  f r o m  5 - n i t r o - 2 - p y r i d o l  
(CXI) by m e t h y l a t i o n  ( 4 4 ) .  1 : 2 - D i h y d r o - 1 - m e t h y l - 3 : 5 -
d i n i t r o - 2 - p y r i d o n e  (CXVI) h a s  p r e v i o u s l y  b e e n  o b t a i n e d  
by F i s c h e r  an d  Chur  (45)  by t h e  n i t r a t i o n  o f  l : 2 - d i h y d r o -
1 - m e t h y l - 2 - p y r i d o n e  (CXIX). 1 : 2 - D i h y d r o - 1 - m e t h y l - 3 : 5 -
d i n i t r o - 2 - p y r i d o n e  (CXVI) was p r e p a r e d  f r o m  3 : 5 - d i n i t r o -
-  51 -
2 - p y r i d o l  (C V II I )  by m e t h y l a t i o n ,  t h u s  p r o v i n g  t h e  
s t r u c t u r e  a s s i g n e d  t o  t h e  l a t t e r  com pound.
The s t r u c t u r e  a s c r i b e d  t o  1 : 6 - d i h y d r o - 6 - k e t o - 1 -  
m e t h y l - 5 - n i t r o n i c o t i n i c  a c i d  (CXIV) d e p e n d s  u p o n  i t s  
f o r m a t i o n  f ro m  1 : 6 - d i h y d r o - 6 - k e t o - 1 - m e t h y I n i c o t i n i c  
a e i d  (C X II I )  an d  u p o n  i t s  c o n v e r s i o n  i n t o  1 *2 - d i h y d r o -
1 - m e t h y l - 3 : 5 - d i n i t r o - 2 - p y r i d o n e  (CXVI). O th e r  a t t e m p t s  
t o  c o r r e l a t e  i t  w i t h  com pounds o f  e s t a b l i s h e d  s t r u c t u r e  
w ere  n o t  s u c c e s s f u l .  Thus i t  was n o t  o b t a i n e d  by t h e  
m e t h y l a t i o n  o f  6 - h y d r o x y - 5 - n i t r o n i c o t i n i c  a c i d  ( C V I ) , 
an d  a t t e m p t s  t o  c o n v e r t  i t  i n t o  t h e  e s t e r  o f  6 - e h l o r o -  
5 - n i t r o n i c o t i n i c  a c i d  (CXX) by t r e a t m e n t  w i t h  p h o s g e n e  
i n  t o l u e n e ,  t h i o n y l  c h l o r i d e  o r  p h o s p h o r y l  c h l o r i d e -
-  5 2  -
p h o s p h o ru s  p e n t a c h l o r i d e  m i x t u r e  f o l l o w e d  by d e c o m p o s i t i o n  
o f  t h e  p r o d u c t  w i t h  a l c o h o l ,  o r  i n t o  t h e  e s t e r  o f  6 -b ro m o -  
5 - n i t r o n i c o t i n i c  a c i d  (CXXI) by t r e a t m e n t  w i t h  p h o s p h o r u s  
t r i b r o m i d e - p e n t a b r o m i d e  m i x t u r e  f o l l o w e d  by d e c o m p o s i t i o n  
o f  t h e  p r o d u c t  w i t h  a l c o h o l  w ere  u n s u c c e s s f u l ,  a l t h o u g h  
m e th y l  an d  e t h y l  6 - c h l o r o - 5 - n i t r o n i c o t i n a t e  (CXX, R = Me 
an d  E t  r e s p e c t i v e l y )  and  m e th y l  a n d  e t h y l  6 -b ro m o - 5 -  
n i t r o n i c o t i n a t e  (CXXI, R = Me an d  E t  r e s p e c t i v e l y )  w ere  
r e a d i l y  o b t a i n e d  by s i m i l a r  t r e a t m e n t  o f  6 - h y d r o x y - 5 -  
n i t r o n i c o t i n i c  a c i d  (C V I) .  A t t e m p ts  t o  d e c a r b o x y l a t e  
1 5 6 - d i h y d r o - 6 - k e t o - 1 - m e t h y l - 5 - n i t r o n i c o t i n i c  a c i d  (CXIV) 
t o  fo rm  1 : 2 - d i h y d r o - l - m e t h y l - 3 - n i t r o - 2 - p y r i d o n e  (CXVII) 
w ere  n o t  s u c c e s s f u l .
T f j r  ' CVI ~ C X K
An a t t e m p t  t o  c o n f i r m  t h e  s t r u c t u r e  o f  3 : 5 - d i n i t r o -
2 - p y r i d o l  (C V III )  by c o n n e c t i n g  i t  w i t h  1 : 2 - d i h y d r o - 1 -  
m e t h y l - 3 : 5 - d i n i t r o - 2 - p y r id o n e  (CXVI) was n o t  s u c c e s s f u l .
I t  was p r o p o s e d  t o  c o n v e r t  b o t h  com pounds i n t o  2 - c h l o r o -  
3 : 5 - d i n i t r o p y r i d i n e  (C X X II) .  I n  t h e  c a s e  o f  3 : 5 - d i n i t r o -
2 - p y r i d o l  ( C V I I I ) ,  r e a c t i o n  w i t h  p h o s p h o r y l ’ c h l o r i d e  -  
p h o s p h o ru s  p e n t a c h l o r i d e  m ix tu r e  p r o c e e d e d  s m o o th ly  t o  
g iv e  2 - c h l o r o - 3 : 5 - d i n i t r o p y r i d i n e  (C X X II) .  On t h e  o t h e r
-  53 -
h a n d ,  t r e a t m e n t  o f  1 : 2 - d i h y d r o - 1 - m e t h y l - 3 : 5 - d i n i t r o - 2 -  
p y r id o n e  (CXVI) w i t h  p h o s p h o r y l  c h l o r i d e - p h o s p h o r u s  
p e n t a c h l o r i d e  m i x t u r e  g av e  a  com pound, C6H e03NgCl f o rm e d  
by t h e  r e p l a c e m e n t  o f  a  n i t r o  g r o u p  i n  1 : 2 - d i h y d r o - 1 -  
m e t h y l - 3 •5 - d i n i t r o - 2 - p y r i d o n e  (CXVI) by a  c h l o r i n e  a to m ,  
and  n o t  t h e  e x p e c t e d  2 - c h l o r o - 3 : 5 - d i n i t r o p y r i d i n e  (C X X II) j  
t h e  compound c o u l d  be o b t a i n e d  i n  b e t t e r  y i e l d  by  t r e a t ­
m en t  o f  1 : 2 - d i h y d r o - 1 - m e t h y l - 3 : 5 - d i n i t r o - 2 - p y r i d o n e  
(CXVI) w i t h  t h i o n y l  c h l o r i d e .  T h i s  compound was shown 
by s y n t h e s i s  t o  be 3 - c h l o r o - 1 : 2 - d i h y d r o - 1 -m e th y 1 - 5 - n i t r o - 
2 - p y r id o n e  (CX X III) an d  t o  be d i f f e r e n t  f ro m  5 - c h l o r o - 
1 : 2 - d i h y d r o -1 - m e t h y l -3 '- n i t r o - 2 - p y r i d o n e  (CXXIV) .
The l a s t  compound was s y n t h e s i s e d  by t h e  m e t h y l a t i o n  
o f  5 - c h l o r o - 3 - n i t r o - 2 - p y r i d o l  (LXV), an d  i s  d i s t i n c t  
f ro m  th e  p r o d u c t  o b t a i n e d  by t h e  c h l o r i n a t i o n  o f  1 : 2 -  
d i h y d r o - 1 - m e t h y l - 3 : 5 - d i n i t r o - 2 - p y r i d o n e  (C X V I).
To s y n t h e s i s e  3 - c h l o r o - 1 : 2 - d i h y d r o - 1 - m e t h y l - 5 - n i t r o -
2 - p y r i d o n e  (C X X III ) ,  2 - a m i n o - 5 - n i t r o p y r i d i n e  (LVI) was 
c h l o r i n a t e d  i n  e t h a n o l  a t  0 °  t o  fo rm  2 - a m in o - 3 - c h l o r o -
5 - n i t r o p y r i d i n e  (CXXV) ( c f . B y s t r i t s k a y a  and  K i r s s a n o w  
(46) who c h l o r i h a t e  w i t h  h y p o h a l i t e ) , w h ic h  on t r e a t m e n t  
w i t h  n i t r o u s  a c i d  i n  s u l p h u r i c  a c i d  y i e l d e d  3 - c h l o r o - 5 -  
n i t r o - 2 - p y r i d o l  (CXXVI). (47)  d e s c r i b e s  t h e  f o r m a t i o n  
o f  3 - c h l o r o - 5 - n i t r o - 2 - p y r i d o l  (CXXVI) f ro m  2 : 3 - d i c h l o r o -
5 - n i t r o p y r i d i n e  (CXXVII) by th e  a c t i o n  o f  h y d r o c h l o r i c
-  54 -
a c i d  a t  1 5 0 ° ;  no m e n t io n  o f  2 : 3 - d i c h l o r o - 5 - n i t r o p y r i d i n e  
(CXXVII) h o w e v e r  o c c u r s  i n  t h e  l i t e r a t u r e .  The f o r m a t i o n  
o f  3 - c h l o r o - 5 - n i t r o - 2 - p y r i d o l  (CXXVI) f ro m  2 - a l k o x y - 3 -  
c h l o r o - 5 - n i t r o p y r i d i n e  (CXXVIII) by th e  a c t i o n  o f  z i n c  
c h l o r i d e  a n d  h y d r o g e n  c h l o r i d e  i s  c l a i m e d  i n  (48 )  th o u g h  
t h e  s t a r t i n g  m a t e r i a l  i s  n o t  d e s c r i b e d  i n  t h e  l i t e r a t u r e  
an d  t h e  c o n s t a n t s  o f  t h e  p r o d u c t  d i s a g r e e  w i t h  (4 7 )  an d  
th e  p r e p a r a t i o n  f ro m  2 - a m in o - 3 - c h l o r o - 5 - n i t r o p y r i d i n e  
(CXXV). The f i n a l  s t a g e  o f  t h e  s y n t h e s i s  w as e f f e c t e d  
by t h e  m e t h y l a t i o n  o f  3 - c h l o r o - 5 - n i t r o - 2 - p y r i d o l  (CXXVI) 
t o  fo rm  t h e  r e q u i r e d  3 - c h l o r o - 1 : 2 - d i h y d r o - 1 - m e t h y l - 5 -  
n i t r o - 2 - p y r i d o n e  (C X X II I ) ,  i d e n t i c a l  w i t h  t h e  p r o d u c t  
o b t a i n e d  by th e  c h l o r i n a t i o n  o f  1 J 2 - d i h y d r o - 1 - m e t h y l -  
3 : 5 - d i n i t r o - 2 - p y r i d o n e  ( CXVI) .
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A t te m p ts  t o  o b t a i n  m ore e v id e n c e  r e g a r d i n g  t h e  
s t r u c t u r e  o f  3 : 5 - d i n i t r o - 2 - p y r i d o l  (C V II I )  by s t u d y i n g  
t h e  n i t r a t i o n  o f  n i c o t i n i c  a c i d  N -o x id e  (49 )  m e t  w i t h  
no s u c c e s s .
The d e t a i l e d  p r o o f  o f  t h e  s t r u c t u r e  o f  t h e  d i n i t r o - 
p y r i d o l  o b t a i n e d  f ro m  6 - h y d r o x y n i c o t i n i c  a c i d  (XXXVII) 
a s  d e s c r i b e d  above  was n e c e s s a r y  s i n c e  T s c h i t s c h i b a b i n  
and  S c h a p i r o  (33)  h a v e  c l a i m e d  t h a t  n i t r a t i o n  o f  2 - p y r i d o l  
(XCVII) g i v e s  a  p r o d u c t  d e s c r i b e d  a s  3 : 5 - d i n i t r o - 2 - p y r i d o l  
(C V III )  t h e  p r o p e r t i e s  o f  w h ic h  a r e  e n t i r e l y  d i f f e r e n t  
f ro m  t h o s e  o f  t h e  3 : 5 - d i n i t r o - 2 - p y r i d o l  (C V II I )  d e s c r i b e d  
a b o v e .  The n i t r a t i o n  o f  2 - p y r i d o l  (XCVII) was r e p e a t e d  
a c c o r d i n g  t o  T s c h i t s c h i b a b i n  a n d  S c h a p i r o  g i v i n g  a  
p r o d u c t  w h ic h  h a d  t h e  p r o p e r t i e s  o f  t h e  compound d e s c r i b e d  
by t h e s e  a u t h o r s j  t h i s  p r o d u c t  was f o u n d  t o  be a  m i x t u r e  
o f  s o d i u m - 3 - n i t r o - 2 - p y r i d o l a t e  (LXXVII) an d  so d iu m  3 » 5 -  
d i n i t r o - 2 - p y r i d o l a t e .  The l a t t e r  c o n s t i t u e n t  was 
i s o l a t e d  f ro m  t h e  m i x t u r e  a s  t h e  f r e e  p y r i d o l  (C V I I I )  by 
c r y s t a l l i s a t i o n  f ro m  d i l u t e  h y d r o c h l o r i c  a c i d .  The 
p r e s e n c e  o f  t h e  f o r m e r  c o n s t i t u e n t  was d e d u c e d  f ro m  t h e  
a n a l y s i s  an d  f ro m  t h e  l i g h t  a b s o r p t i o n  c h a r a c t e r i s t i c s  
o f  th e  m i x t u r e . N i t r a t i o n  o f  t h e  m i x t u r e  w i t h  fu m in g  
n i t r i c  a c i d  u n d e r  r e f l u x  g av e  3 : 5 - d i n i t r o - 2 - p y r i d o l  (C V I I I )  
i n  good  y i e l d .
B in z  an d  M a ie r-B o d e  (5 0 )  have  a l s o  c l a im e d  t o  h a v e
-  56 -
p r e p a r e d  by th e  n i t r a t i o n  o f  2 - p y r i d o l  (XCVII) a  compound 
d e s c r i b e d  a s  3*• 5 - d i n i t r o - 2 - p y r i d o l  (C V II I )  w h ic h  h a s  
e n t i r e l y  d i f f e r e n t  p r o p e r t i e s  f ro m  t h o s e  o f  t h e  3 : 5 -  
d i n i t r o - 2 - p y r i d o l  (C V II I )  d e s c r i b e d  a b o v e .  On r e p e a t i n g  
th e  n i t r a t i o n  o f  2 - p y r i d o l  (XCVII) a c c o r d i n g  t o  B in z  an d  
M a ie r-B o d e  a  v e r y  s m a l l  q u a n t i t y  o f  t h e  compound 
d e s c r i b e d  by t h e s e  a u t h o r s  was o b t a i n e d ; t h e  y i e l d  was 
i n c r e a s e d  s l i g h t l y  by s u b s t i t u t i n g  so d iu m  2 - p y r i d o l a t e  
(XCVI) f o r  2 - p y r i d o l  (X C V II) . O th e r  a t t e m p t s  t o  i n c r e a s e  
th e  y i e l d  by v a r y i n g  t h e  r e a c t i o n  c o n d i t i o n s  w ere  n o t  
s u c c e s s f u l .  The compound c o n t a i n e d  so d iu m  an d  c r y s t a l l i s e d  
u n c h a n g e d  f ro m  d i l u t e  h y d r o c h l o r i c  a c i d .  As i t  e x p lo d e d  
when h e a t e d  above  i t s  m e l t i n g  p o i n t  no r e l i a b l e  c a r b o n  
and  h y d ro g e n  a n a l y s e s  w ere  o b t a i n e d .  I t  d i d  n o t  r e a c t  
w i t h  d ia z o m e th a n e  i n  e t h e r ,  a n d  no p r o d u c t  was o b t a i n e d  
w i t h  d im e th y l  s u l p h a t e  a n d  a l k a l i ,  w i t h  fu m in g  n i t r i c  
a c i d  n o r  w i t h  p h o s p h o r y l  c h l o r i d e - p h o s p h o r u s  p e n t a c h l o r i d e  
m i x t u r e .  On r e f l u x i n g  th e  compound w i t h  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  f o r  two h o u r s  a  p r o d u c t ,  m . p . 1 5 0 - 1 5 2 °  
(d e e o m p .)  was o b t a i n e d  w h ic h  a n a l y s e d  f o r  C4H30 6N.4H20 .
I t  h a d  no a p p r e c i a b l e  l i g h t  a b s o r p t i o n  i n  w a t e r  abo v e
o
2200A, and  h e n c e  d i d  n o t  c o n t a i n  a  p y r i d i n e  n u c l e u s .
I t  t i t r a t e d  f o r  a  d i b a s i c  a c i d  w i t h  s t r o n g  a l k a l i .  The 
o n ly  s t r u c t u r e s  w h ic h  w i l l  a c c o u n t  f o r  a l l  t h e  o b s e r v e d  
f a c t s  a r e  t h o s e  o f  th e  t e t r a h y d r a t e s  o f  n i t r o m a l e i c  a n d
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n i t r o f u m a r i c  a c i d s  (CXXIX)j t h e  m e l t i n g  p o i n t  f a v o u r s  
th e  f o r m e r  com pound.
0*N— C =  CH
I I
HO^ C COj^ H
T O U T
On h e a t i n g  t h i s  compound i n  v a c u o  a t  1 4 0 °  o v e r  
p h o s p h o ru s  p e n t o x i d e  f o r  f i v e  h o u r s ,  a  p r o d u c t ,  m .p .
2 1 1 °  (d eco m p .)  was o b t a i n e d  w h ic h  a n a l y s e d  f o r  
C4H1308Ns . The compound was a c i d i c  b u t  t h e r e  was n o t  
en o u g h  o f  i t  a v a i l a b l e  t o  d e t e r m in e  i t s  t i t r a t i o n  
e q u i v a l e n t .
Owing to  t h e  i m p o s s i b i l i t y  o f  o b t a i n i n g  a n a l y s i s  
r e s u l t s  f o r  th e  p r e c u r s o r  o f  t h e s e  two com p o u n d s , no 
s t r u c t u r e  c o u l d  be a s c r i b e d  t o  i t  an d  h e n c e  t h e  m ech an ism  
w h ereb y  th e  p y r i d i n e  n u c l e u s  h a d  b e e n  b r o k e n  down c o u l d  
n o t  be i n v e s t i g a t e d .
H av in g  p r o v e d  i n d u b i t a b l y  t h e  s t r u c t u r e  a s s i g n e d  
t o  t h e  d i n i t r o p y r i d o l , m . p . 1 7 5 °  o b t a i n e d  f ro m  6 - h y d r o x y ­
n i c o t i n i c  a c i d  (XXXVII) and  h a v i n g  d i s p o s e d  o f  p r e v i o u s  
c l a i m s  t o  h av e  p r e p a r e d  i t ,  a t t e n t i o n  was once  a g a i n  
t u r n e d  t o  th e  s y n t h e s i s  o f  5 - n i t r o i s o c in c h o m e r o n ic  a c i d  
(X V I) . T h e re  now r e m a in e d  t o  c o n v e r t  t h e  6 -h y d ro x y  
g ro u p  i n  6 - h y d r o x y - 5 - n i t r o n i c o t i n i c  a c i d  (CVI) i n t o  a  
c a rb o x y  g r o u p .  The f i r s t '  s t e p  h a d  a l r e a d y  b e e n  t a k e n
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i n  t h e  p r e p a r a t i o n  o f  t h e  m e th y l  and  e t h y l  e s t e r s  o f
6 - c h l o r o - 5 - n i t r o n i c o t i n i c  a c i d  (CX2, R = Me and  E t  
r e s p e c t i v e l y )  and  o f  6 -b ro m o - 5 - n i t r o n i c o t i n i c  a c i d  (CXXI,
R = Me and  E t  r e s p e c t i v e l y ) .  I t  was f o u n d  t h a t  r e p l a c e ­
m en t o f  t h e  6 - c h l o r i n e  a to m  by a  n i t r i l e  g r o u p  d i d  n o t  
t a k e  p l a c e  when m e th y l  o r  e t h y l  6 - c h l o r o - 5 - n i t r o n i c o t i n a t e  
(CXX, R = Me o r  E t  r e s p e c t i v e l y )  was h e a t e d  w i t h  c u p r o u s  
c y a n id e  o r  r e f l u x e d  w i t h  t h e  same r e a g e n t  i n  q u i n o l i n e .  
However on h e a t i n g  m e th y l  6 -b ro m o - 5 - n i t r o n i c o t i n a t e  (CXXX) 
w i t h  c u p r o u s  c y a n i d e ,  r e a c t i o n  to o k  p l a c e  a t  2 4 0 °  an d  
f ro m  t h e  m i x t u r e  was i s o l a t e d  m e th y l  6 - c y a n o - 5 - n i t r o ­
n i c o t i n a t e  (CXXXI) w h ie h  i s  a  d e r i v a t i v e  o f  t h e  r e q u i r e d
3 - n i t r o i s o c i n c h o m e r o n i c  a c i d  (X V I) .
(S'). C o n c l u s i o n s ..
A. d e r i v a t i v e  o f  3 - n i t r o i s o c in c h o m e r o n ic  a c i d  (X V I) ,  
r e q u i r e d  a s  an  i n t e r m e d i a t e  i n  a  p r o j e c t e d  s y n t h e s i s  o f  
l y s e r g i c  a c i d  (X) h a s  b e e n  s y n t h e s i s e d  f ro m  p y r i d i n e
i n t o  6 - h y d r o x y n i c o t i n i c  a c i d  (XXXVII) w h ic h  on n i t r a t i o n
COa Tn£
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T h is  l a s t  compound i s  c o n v e r t e d  i n  f o u r  s t a g e  
w i t h  fu m in g  n i t r i c  a c i d  a t  5 0 °  g i v e s  6 - h y d r o x y - 5 - n i t r o -
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n i c o t i n i c  a c i d  ( C V I ) . T h i s  compound on  t r e a t m e n t  w i t h  
p h o s p h o ru s  t r i h r o m i d e - p e n t a h r o m i d e  m i x t u r e  f o l l o w e d  hy 
d e c o m p o s i t i o n  o f  t h e  p r o d u c t  w i t h  m e th a n o l  y i e l d s  m e th y l
6 -h ro m o - 5 - n i t r o n i c o t i n a t e  (CXXX). The f i n a l  s t a g e  i s  
a c h i e v e d  hy h e a t i n g  m e th y l  6 -h ro m o - 5 - n i t r o n i c o t i n a t e  
(CXXX) w i t h  c u p r o u s  c y a n id e  t o  g iv e  m e th y l  6 - c y a n o - 5 -  
n i t r o n i c o t i n a t e  (CXXXI) w h ic h  i s  a  d e r i v a t i v e  o f  th e  
r e q u i r e d  3 - n i  t r o i s o c inchom e r o n i c  a c i d  (X V I) .
Ho
COjlH
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EXPERIMENTAL.
A l l  m e l t i n g  p o i n t s  a r e  u n c o r r e e t e d .
E t h y l  p y r u v a t e  ( X X ) . — A m i x t u r e  o f  p y r u v i c  a c i d  (32  g . )
( O rg . S y n t h . , 4 , 6 5 ) ,  e t h a n o l  (2 5 0  c . c . )  a n d  b e n z e n e  
(100  c . c . )  was f r a c t i o n a t e d  i n  a  E en sk e  u n t i l  a l l  t h e  
w a t e r  f ro m  t h e  r e a c t i o n  h a d  b e e n  rem o v ed .  The r e s i d u e  
was d i s t i l l e d  t o  g i v e  e t h y l  p y r u v a t e  (22  g . )  a s  a  l i q u i d ,  
b . p . 6 4 - 6 8 ° / l 8 - 2 0  mm. ( S t e u d e ,  A n n a l e n ,1 8 9 1 , 2 6 1 ,2 5 ,  g i v e s  
b . p . 6 6 ° / l 8 - 2 0  mm. ) .
S o d io  e t h y l  f o r m y l p y r u v a t e . ■— (a )  E t h y l  f o r m a t e  ( 7 . 9  c . c . )  
was a d d e d  t o  a  s o l u t i o n  o f  so d iu m  ( 2 . 3  g . )  i n  d r y  
e t h a n o l  (7 0  c . c . )  f o l l o w e d  by e t h y l  p y r u v a t e  ( 1 0 .7  c . c . )  
d u r i n g  10  m i n u t e s  w i t h  s t i r r i n g .  A f t e r  r e f l u x i n g  f o r  
3 h o u r s ,  t h e  m ix tu r e  was c o o l e d  an d  t h e  s o l i d  m a t e r i a l  
c o l l e c t e d  an d  d r i e d  t o  g i v e  s o d io  e t h y l  f o r m y l p y r u v a t e  
( 1 3 .6  g . )  a s  a  y e l l o w  p o w d e r ,  m .p .> 3 0 0 ° .
(b )  Sodium  ( 5 . 6  g . )  was a d d e d  s lo w ly  t o  a  c o o l e d  m i x t u r e  
o f  a e e t a l d e h y d e  ( 1 4 .5  g . ) , e t h y l  o x a l a t e  (4 0  g . ) a n d  d r y  
e t h e r  (500  c . c . )  w i t h  s t i r r i n g .  When t h e  r e a c t i o n  w as 
c o m p l e t e ,  t h e  s o l i d  m a t e r i a l  w as c o l l e c t e d  a n d  d r i e d  t o  
g i v e  s o d io  e t h y l  f o r m y l p y r u v a t e  ( 3 1 .5  g . )  a s  a  y e l l o w  
p o w d e r ,  m . p . > 3 0 0 ° .
E t h y l  f o r m y l p y r u v a t e  ( X I X ) . — S o d io  e t h y l  f o r m y l p y r u v a t e
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(100  g . ) ,  w a t e r  (5 0 0  c . c . )  a n d  e t h e r  (5 0 0  c . c . )  w ere  
s t i r r e d  an d  a  s l i g h t  e x c e s s  o f  d i l u t e d  s u l p h u r i c  a c i d  
a d d e d .  The e t h e r  l a y e r  was s e p a r a t e d ,  s h a k e n  w i t h  
s a t u r a t e d  a q u e o u s  so d iu m  b i c a r b o n a t e  (1 0 0  c . c . ) ,  d r i e d  
(NagSO*) a n d  t h e  e t h e r  rem oved  on t h e  w a t e r - b a t h .  The 
r e s i d u e  was d i s t i l l e d  t o  g i v e  e t h y l  f o r m y l p y r u v a t e  
( 1 4 .5  g . )  a s  a  l i q u i d ,  b . p . 5 6 ° / 2 . 2  mm. n 1 . 4 1 2 6 .
P o u n d : 0 , 5 0 .2 }  H,6.1J*
CeHeO* r e q u i r e s :  0 , 5 0 .0 }  H ,5 .6 $
A t te m p te d  C o n d e n s a t io n  o f  O y a n o a c e ta m id e  w i t h  E t h y l  
f o r m y l p y r u v a t e . — ( a )  C y a n o a c e ta m id e  ( 0 .8 4  g . )  ( O r g . 
S y n t h . , 9 , 3 6 ) ,  e t h a n o l  (50  c . c . ) ,  e t h y l  f o r m y l p y r u v a t e  
( 1 .4 4  g . )  and  p i p e r i d i n e .  ( 0 . 5  c . c . )  w ere  r e f l u x e d  
t o g e t h e r  f o r  24 h o u r s ,  c o n c e n t r a t e d  t o  10  c . c .  and  
c o o l e d .  The s o l i d  was c o l l e c t e d  an d  d r i e d  t o  g i v e  
n e e d l e s  ( 0 . 5  g . ) ,  m . p . 1 1 4 - 1 1 7 0 , a lo n e  o r  m ix ed  w i t h  
a u t h e n t i c  c y a n o a c e t a m i d e . No c r y s t a l l i n e  m a t e r i a l  was 
o b t a i n e d  f ro m  t h e  m o th e r  l i q u o r .
(b )  C y a n o a c e ta m id e  ( 0 .8 4  g . ) ,  e t h a n o l  (5 0  c . c . ) ,  e t h y l  
f o r m y l p y r u v a t e  ( 1 .4 4  g . )  an d  d i e t h y l a m i n e  ( 0 . 4  c . c . )  
w ere  r e f l u x e d  t o g e t h e r  f o r  24 h o u r s ,  c o n c e n t r a t e d  t o  
10  c . c .  and  c o o l e d .  The s o l i d  was c o l l e c t e d  a n d  d r i e d  
t o  g i v e  n e e d l e s  ( 0 . 4  g . ) ,  m . p . 1 1 5 - 1 1 8 ° ,  a l o n e  o r  m ix ed  
w i t h  a u t h e n t i c  c y a n o a c e t a m i d e . No c r y s t a l l i n e  m a t e r i a l
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was o b t a i n e d  f ro m  t h e  m o th e r  l i q u o r .
E t h y l  o x a l y l a c e t a t e  ( XXV) . — ( c f .  W i s l i c e n u s ,  B e r . , 1 8 8 6 ,  
1 9 , 3 2 2 5 ) .  E t h y l  a c e t a t e  (65 c . c . )  was a d d e d  t o  a  
s t i r r e d  m i x t u r e  o f  e t h y l  o x a l a t e  (91  c . c . ) ,  d r y  e t h e r  
(700  c . c . )  and  so d iu m  w i r e  (15 g . ) .  The m i x t u r e  was 
s t i r r e d  u n t i l  s o l i d  m a t e r i a l  b e g a n  t o  p r e c i p i t a t e ,  
s t o r e d  o v e r n i g h t  a t  0 °  an d  th e  s o l i d  c o l l e c t e d ,  d r i e d  
a n d  s h a k e n  w i t h  e t h e r  (500  c . c . )  a n d  w a t e r  (1 0 0 0  c . c . )  
c o n t a i n i n g  a  s l i g h t  e x c e s s  o f  s u l p h u r i c  a c i d .  The e t h e r  
l a y e r  was s e p a r a t e d ,  d r i e d  (Nas S04 ) a n d  t h e  e t h e r  rem o v ed  
on t h e  w a t e r - b a t h .  The r e s i d u e  was d i s t i l l e d  t o  g i v e  
e t h y l  o x a l y l a c e t a t e  (52  g . )  a s  a  l i q u i d ,  b . p . 1 1 6 - 1 1 8 ° /
9 -1 1  mm. ( W i s l i c e n u s ,  A n n a le n , 1 8 8 8 , 2 4 6 ,3 1 8 ,  g i v e s  b . p .  
1 3 1 - 1 3 2 ° /2 4  mm. ) .  1 .4 5 0 0  ( B r u h l ,  J . p r a k t . Chem. ,
1 8 9 4 ,5 0 ,1 4 0 ,  g i v e s  n ^  1 . 4 5 6 0 ) .
A t te m p te d  C o n d e n s a t io n  o f  C y a n o a c e ta m id e  w i t h  E t h y l  
o x a l y l a c e t a t e . — ( a )  C y a n o a c e ta m id e  ( 1 .0 5  g . ) ,  e t h a n o l  
(50  c . c . ) ,  e t h y l  o x a l y l a c e t a t e  ( 2 .3 5  g . ) an d  d i e t h y l a m i n e  
( 0 . 5  c . c . )  w ere  r e f l u x e d  t o g e t h e r  f o r  24 h o u r s ,  c o n ­
c e n t r a t e d  t o  10 c . c .  an d  c o o l e d .  The s o l i d  w as c o l l e c t e d  
and  d r i e d  t o  g i v e  n e e d l e s  ( 0 . 5  g . ) ,  m . p . 1 1 2 - 1 1 6 0 , a l o n e  
o r  when m ix ed  w i t h  a u t h e n t i c  c y a n o a e e t a m i d e . No 
c r y s t a l l i n e  m a t e r i a l  was o b t a i n e d  f ro m  t h e  m o th e r  l i q u o r .
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(b )  C y a n o a c e ta m id e  ( 4 . 2  g . ) ,  e t h a n o l  (1 3 0  c . c . ) ,  e t h y l  
o x a l y l a c e t a t e  ( 9 . 4  g . )  a n d  p i p e r i d i n e  ( 0 . 5  c . c . )  w ere  
r e f l u x e d  t o g e t h e r  f o r  24 h o u r s ,  c o n c e n t r a t e d  t o  40 c . c .  
an d  c o o l e d .  The s o l i d  was c o l l e c t e d  a n d  d r i e d  t o  g i v e  
n e e d l e s  ( 2 . 0  g « ) ,  m . p . 1 1 7 - 1 1 8 ° ,  a lo n e  o r  m ix ed  w i t h  
a u t h e n t i c  c y a n o a c e t a m i d e . No c r y s t a l l i n e  m a t e r i a l  w as 
o b t a i n e d  f ro m  t h e  m o th e r  l i q u o r .
5 - E t h y l  -2  -me t h y l  p y r i d i n e  (XXVI).r— ( c f .  G r a f ,  J . p r a k t . 
C hem ., 1 9 3 2 , 1 3 3 , 1 9 ) .  P a r a ld e h y d e  (270  g « ) ,  g l a c i a l  
a c e t i c  a c i d  (60  g . )  an d  a q u e o u s  ammonia (1 2 0  g . ;  d , 0 . 8 8 )  
w ere  h e a t e d  a t  1 8 0 °  f o r  6 h o u r s .  The r e a c t i o n  m i x t u r e  
was made s t r o n g l y  a l k a l i n e  w i t h  a q u e o u s  so d iu m  h y d r o x id e  
a n d  s te a m  d i s t i l l e d .  The d i s t i l l a t e  was made s t r o n g l y  
a l k a l i n e  w i t h  a q u e o u s  so d iu m  h y d r o x id e  an d  t h e  a q u e o u s  
l a y e r  r e t u r n e d  f o r  d i s t i l l a t i o n ,  th e  p r o c e s s  b e i n g  
r e p e a t e d  u n t i l  t h e  d i s t i l l a t e  was no l o n g e r  a l k a l i n e .
The com bined  b a s i c  l a y e r s  w ere  d r i e d  (NaOH f l a k e s )  a n d  
f r a c t i o n a t e d  t o  g i v e  p a r a l d e h y d e  (1 7 0  g . ) ,  b . p . l 2 4 - 1 2 6 ° , 
a n  i n t e r m e d i a t e  f r a c t i o n  (5 g . ) ,  b . p . 1 2 6 - 1 7 5 °  a n d  a  
b a s e  (2 8  g . ) ,  b . p . 1 7 5 - 1 7 6 ° .  The f i r s t  two f r a c t i o n s  
w ere  r e c y c l e d  w i t h  p a r a l d e h y d e  (1 0 0  g . ) ,  g l a c i a l  a c e t i c  
a c i d  (6 0  g . )  a n d  a q u e o u s  ammonia (1 2 0  g .*  d , 0 . 8 8 ) . 
F r a c t i o n a t i o n  o f  t h e  co m b in ed  d r i e d  b a s i c  l a y e r s  g av e  
p a r a l d e h y d e  (1 0 0  g . ) ,  b . p . 1 2 4 - 1 2 6 ° ,  a n  i n t e r m e d i a t e
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f r a c t i o n  (4  g . ) *  b . p . 1 2 6 - 1 7 5 °  a n d  a  b a s e  (77 g « ) ,  b . p .  
1 7 5 - 1 7 6 ° .  The two b a s i c  f r a c t i o n s  w ere  co m b in ed  t o  
g iv e  5 - e t h y l - 2 - m e t h y l p y r i d i n e  (105 g . )  a s  a  l i q u i d ,  b . p .  
1 7 5 °  ( F i c h t e r  an d  L a b h a r d t ,  B e r . , 1 9 0 9 ,4 2 , 4 7 1 4 ,  g i v e  
b . p . 1 7 4 - 1 7 6 ° ) .  The p i e r a t e  o f  5 - e t h y l - 2 - m e t h y l p y r i d i n e  
was o b t a i n e d  a s  y e l l o w  n e e d l e s ,  m . p . l 6 2 ° ,  f ro m  e t h a n o l )  
F i c h t e r  an d  L a b h a r d t  d e s c r i b e  i t  a s  y e l l o w  p l a t e s  f ro m  
w a t e r ,  m . p . 1 6 4 ° .
5 - E t h y l - 2 -me t h y I n i  t r o p y r i  d i n e . — 5 - E t h y l - 2 -me t h y l p y r i  d in e  
(15 g . ) was a d d e d  s lo w ly  t o  o leum  (7 0  c . c . ;  6 0 % f r e e  S 0 s ) , 
h e a t e d  t o  1 0 0 °  an d  p o t a s s i u m  n i t r a t e  (3 0  g . )  a d d e d  
d u r i n g  30 m in u te s . .  A f t e r  h e a t i n g  a t  1 0 0 °  f o r  a  f u r t h e r  
5 h o u r s  t h e  s o l u t i o n  w as c o o l e d ,  d i l u t e d  w i t h  w a t e r ,  
made a l k a l i n e  w i t h  a q u e o u s  so d iu m  h y d ro x id e -p o ;fc a s s iu m  
h y d r o x id e  w i t h  c o o l i n g  a n d  e x t r a c t e d  w i t h  e t h e r .  The 
r e s i d u e  (7 g . )  on e v a p o r a t i o n  o f  t h e  e t h e r  was d i s t i l l e d  
t o  g i v e  5 - e t h y l - 2 - m e t h y l p y r i d i n e  (6 g . ) ,  b . p . 1 7 5 - 1 7 6 ° , a  
h i g h e r  b o i l i n g  f r a c t i o n  ( 0 . 3  g . ) ,  b . p . 1 7 6 - 2 1 0 ° ,  an d  a n  
u n d i s t i l l a b l e  r e s i d u e  f ro m  w h ic h  no  u s e f u l  p r o d u c t  w as 
o b t a i n e d .  The h i g h e r  b o i l i n g  f r a c t i o n  was r e d i s t i l l e d  
t o  g i v e  a  f r a c t i o n  ( 0 .0 5  g . ) ,  b . p . l 7 6 - 2 0 0 °  a n d  5 - e t h y l - 
2 - m e t h y l n i t r o p y r i d i n e  ( 0 .1 5  g . )  a s  a  p a l e  y e l l o w  l i q u i d ,  
b . p .2 0 0 - 2 1 0 ° / 7 6 0  mm. The p i e r a t e  o f  5 - e t h y l - 2 - m e t h y l -  
n i t r o p y r i d i n e  s e p a r a t e d  f ro m  e t h a n o l  a s  y e l l o w  n e e d l e s ,
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m . p . 1 5 5 - 1 5 6 ° .
P o u n d : N ,1 8 .0 $
C i 4 H i 4 0 9 N6  r e q u i r e s :  N ,1 7 .7 $
5 - E t h y l - 2 - m e t h y l - 3 - p y r i d o l  ( X X V I I I ) .— ( e f .  U . S . P . , 1 , 8 8 0 ,  
6 4 5 ) .  5 - E t h y l - 2 - m e t h y l p y r i d i n e  (47 g . )  was a d d e d  
s lo w ly  t o  a  m i x t u r e  o f  o leum  (104  c . c . ;  20$  f r e e  S 0 5 ) 
a n d  b a s i c  m e r c u r i c  s u l p h a t e  (1  g . )  an d  h e a t e d  a t  2 2 5 °  
f o r  3-| h o u r s  w i t h  o c c a s i o n a l  s h a k i n g .  The m i x t u r e  w as' A
c o o l e d ,  p o u r e d  i n t o  i c e - w a t e r  (1 0 0 0  c . c . )  a n d  was t r e a t e d  
w i t h  c a l c iu m  c a r b o n a t e  u n t i l  t h e r e  was no a c i d  r e a c t i o n  
t o  l i t m u s .  The m i x t u r e  was s te a m  d i s t i l l e d  ( 5 - e t h y l - 2 -  
m e t h y l p y r i d i n e  (35 g . )  b e i n g  r e c o v e r e d  f ro m  t h e  d i s t i l l a t e ) ,  
f i l t e r e d  an d  th e  f i l t r a t e  h e a t e d  t o  b o i l i n g  an d  made 
j u s t  a l k a l i n e  t o  p h e n o l p h t h a l e i n  by th e  a d d i t i o n  o f  
a q u e o u s  sod ium  c a r b o n a t e .  A f t e r  h o t  f i l t r a t i o n ,  t h e  
s o l u t i o n  was e v a p o r a t e d  t o  g i v e  so d iu m  5 - e t h y l - 2 - m e th y l  -  
p y r i d i n e - 3 - s u l p h o n a t e  (1 0  g . )  a s  a  l i g h t  b row n s o l i d .
The s o l i d  (1 0  g . )  w as a d d e d  s lo w ly  t o  a  m e l t  o f  
p o t a s s i u m  h y d r o x id e  (19 g . )  a n d  w a t e r  ( 0 .5  c . c . )  a t  1 6 0 °  
an d  t h e  t e m p e r a t u r e  r a i s e d  t o  2 4 0 °  f o r  15 m i n u t e s .  On 
c o o l i n g ,  t h e  m ass  w as d i s s o l v e d  i n  w a t e r  (25 c . c . )  a n d  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  a d d e d  w i t h  c o o l i n g  u n t i l  
t h e  s o l u t i o n  w as j u s t  n e u t r a l  t o  p h e n o l p h t h a l e i n .  The 
m i x t u r e  w as s h a k e n  w i t h  e t h y l  a c e t a t e  (3  x  60  c . c . ) ,  t h e
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e x t r a c t  e v a p o r a t e d  an d  t h e  r e s i d u e  s u b l im e d  a t  1 2 0 /1 0  
t o  g i v e  5 - e t h y l - 2 - m e t h y l - 3 - p y r i d o l  ( 2 .7 5  g . )  a s  a  
c r y s t a l l i n e  s o l i d ,  m . p . 1 7 5 - 1 7 6 °  ( i b i d . g i v e s  p r i s m s ,  m . p .  
1 7 5 ° ,  f ro m  b e n z e n e ) .  L i g h t  a b s o r p t i o n  i n  e t h a n o l :
o
Maximum a t  2780A ( 6  = 8300) ( S t i l l e r ,  K e r e s z t e s y  an d  
S t e v e n s ,  J . A . C . S . ,1 9 3 9 ,6 1 ,1 2 3 7 ,  g i v e  l i g h t  a b s o r p t i o n  i n  
w a t e r  a t  pH 2 . 1 :  Maximum a t  2 9 0 0 1  ( £ = 7 0 0 0 ) ,  a n d  l i g h t  
a b s o r p t i o n  i n  w a t e r  a t  pH 1 0 . 2 :  Maxima a t  2400  (8  = 580 0 )
an d  3050A ( £ = 5 9 0 0 ) ) .
O x i d a t i o n  o f  5 - E t h y l - 2 - m e t h y l - 5 - p y r i d o l . — To a  s t i r r e d  
m i x t u r e  o f  5 - e t h y l - 2 - m e t h y l - 3 - p y r i d o l  (2  g . )  an d  w a t e r  
(100  c . c . )  a t  7 0 °  was a d d e d  p o t a s s i u m  p e rm a n g a n a te  ( 1 8 .2  g . )  
i n  w a t e r  (200  c . c . )  d u r i n g  one h o u r .  The t e m p e r a t u r e  
was r a i s e d  t o  8 5 - 9 0 °  f o r  a  f u r t h e r  30 m i n u t e s  a n d  t h e  
m i x t u r e  f i l t e r e d  h o t  t h r o u g h  a  s i n t e r e d  f u n n e l ,  t h e  
m an g an ese  d i o x i d e  c a k e  b e i n g  w ash ed  w i t h  h o t  w a t e r  
( l O O e . c . ) .  The f i l t r a t e  was a c i d i f i e d  by d i l u t e  h y d r o ­
c h l o r i c  a c i d  a n d  e v a p o r a t e d  t o  d r y n e s s .  No p r o d u c t  w as 
o b t a i n e d  f ro m  t h e  r e s i d u e  by t h e  a c t i o n  o f  a q u e o u s  b a r iu m  
c h l o r i d e  and  ammonia o r  by t h e  a c t i o n  o f  m e t h a n o l i c  
h y d r o c h l o r i c  a c i d .
5 - E t h y l  -5  -me th o x y  -2  -me t h y l  p y r i d i n e  (X X IX ) .— A s o l u t i o n  
o f  e x c e s s  d ia z o m e th a n e  i n  e t h e r  ( O r g . S y n t h . , 1 5 , 3 )  w as 
ad d e d  t o  5 - e t h y l - 2 - m e t h y l - 3 - p y r i d o l  (2  g . )  a n d  t h e  m i x t u r e
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k e p t  a t  0 °  u n t i l  t h e r e  was no f u r t h e r  e v o l u t i o n  o f  
n i t r o g e n .  The r e s i d u e  on e v a p o r a t i o n  c o n s i s t e d  o f  5 -  
e t h y l - 3 - m e t h o x y - 2 - m e t h y l p y r i d i n e  ( 2 . 2  g . )  a s  a  p a l e  
y e l l o w  o i l .
No p i e r a t e  was o b t a i n e d  by  t h e  a c t i o n  o f  a  s a t u r a t e d  
s o l u t i o n  o f  p i c r i c  a c i d  i n  e t h a n o l .
On th e  a d d i t i o n  o f  a n  e x c e s s  o f  h o t  s a t u r a t e d  
a q u e o u s  m e r c u r i c  c h l o r i d e ,  a  p r e c i p i t a t e  was o b t a i n e d  
w h ic h  on c r y s t a l l i s a t i o n  f ro m  w a t e r  g av e  t h e  m e r c u r i c  
c h l o r i d e  compound o f  5 - e t h y l - 3 - m e t h o x y - 2 - m e t h y l p y r i d i n e  
( 1 .5  g . )  a s  s m a l l  p r i s m s ,  m . p . 1 5 0 ° .
P o u n d : N ,3 .1 #
C9H i SONCls Hg r e q u i r e s :  N , 3 . 3 #
O x i d a t i o n  o f  5 - E t h y l  -3  -m e th o x y -2  - m e t h y l p y r i d i n e . — To a  
s t i r r e d  m i x t u r e  o f  5 - e t h y l - 3 -m e th o x y - 2 - m e t h y l p y r i d i n e  
( 1 . 1  g . )  an d  w a t e r  (50  c . c . )  a t  7 0 °  was a d d e d  p o t a s s i u m  
p e rm a n g a n a te  ( 9 . 1  g . )  i n  w a t e r  (1 0 0  c . c . )  d u r i n g  one 
h o u r .  The t e m p e r a t u r e  was r a i s e d  t o  8 5 - 9 0 °  f o r  a  
f u r t h e r  30 m i n u t e s  an d  t h e  m i x t u r e  f i l t e r e d  h o t  t h r o u g h  
a  s i n t e r e d  f u n n e l ,  th e  m an g an ese  d i o x i d e  c a k e  b e i n g  
w ash ed  w i t h  h o t  w a t e r  (5 0  c . c . ) .  The f i l t r a t e  was 
a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  a n d  e v a p o r a t e d  
t o  d r y n e s s .  No p r o d u c t  was o b t a i n e d  f ro m  t h e  r e s i d u e  
by th e  a c t i o n  o f  a q u e o u s  b a r iu m  c h l o r i d e  a n d  ammonia
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o r  by th e  a c t i o n  o f  m e t h a n o l i c  h y d r o c h l o r i c  a c i d .
2 - A m in o p y r id in e  ( X XXI ) . — ( c f .  D . E . P . , 3 6 2 , 4 4 6 ) .  P y r i d i n e  
(100  g . ) ,  t o l u e n e  (1 0 0  g . )  a n d  p o w d ered  so d a m id e  (1 0 0  g . )  
w are  r e f l u x e d  f o r  10  h o u r s  a n d  t h e  r e s i d u e  d i s t i l l e d  t o  
g i v e  2 - a m in o p y r i d i n e  (94  g . )  a s  a  w h i t e  c r y s t a l l i n e  
s o l i d ,  m . p . 5 8 °  ( P i s c h e r ,  B e r . , 1 8 9 9 ,3 2 ,1 3 0 1 ,  g i v e s  m . p . 5 6 ° ) ,  
b . p .2 0 0 - 2 1 0 ° / 7 6 0  mm. ( P h i l i p s ,  A n n a le n , 1 8 9 5 , 2 8 8 ,2 6 5 ,  g i v e s  
b . p . 2 1 0 ° / 7 6 0  mm. ) .
2 -A m ino- 5 - b r o m o p y r id in e  (X X X IV ).— ( c f .  C a l d w e l l ,  T yson  
a n d  L a u e r ,  J . A . C . S . , 1 9 4 4 , 6 6 , 1 4 7 9 ) .  2 - A m in o p y r id in e
(47 g . ) ,  g l a c i a l  a c e t i c  a c i d  (152  c . c . )  a n d  a c e t i c  
a n h y d r id e  (52 c . c . )  w ere  r e f l u x e d  f o r  3 h o u r s ,  b ro m in e  
(27 c . c . )  a d d e d  d ro p w is e  w i t h  s t i r r i n g  a t  4 5 - 5 5 ° ,  t h e  
s o l u t i o n  t a k e n  t o  d r y n e s s ,  an d  t h e  r e s i d u e  d i l u t e d  w i t h  
w a t e r  c o n t a i n i n g  so d iu m  m e t a b i s u l p h i t e .  The s o l u t i o n  
was made a l m o s t  a l k a l i n e  by th e  a d d i t i o n  o f  h y d r a t e d  
so d iu m  c a r b o n a t e  a n d  t h e  p r e c i p i t a t e  c o l l e c t e d ,  d r i e d  a n d  
c r y s t a l l i s e d  f r o m  e t h a n o l  t o  g i v e  2 - a c e t y l a m i n o - 5 -b ro m o ­
p y r i d i n e  (45  g . )  a s  n e e d l e s ,  m . p . 1 7 5 °  ( P a l z e k  a n d  
S u c h a r d a ,  B e r . , 1 9 2 8 ,6 1 ,1 8 1 3 ,  g i v e  n e e d l e s ,  m . p . 1 7 5 ° ,  f ro m  
e t h a n o l ) .
The p r o d u c t  (45 g . )  w as d i s s o l v e d  i n  b o i l i n g  e t h a n o l  
(150  c . c . )  , c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (125 c . c . )  
a d d e d  an d  r e f l u x e d  f o r  3 h o u r s .  The r e s i d u e  on e v a p o r a t i o n
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was b a s i f i e d  by s a t u r a t e d  a q u e o u s  p o t a s s i u m  c a r b o n a t e ,  
c o o l e d  a n d  t h e  r e s i d u e  c o l l e c t e d ,  d r i e d  and  c r y s t a l l i s e d  
f ro m  b e n z e n e  t o  g i v e  2 - a m in o - 5 - b r o m o p y r id in e  ( 3 0 . 0  g . )  
a s  p l a t e s ,  m . p . 1 3 6 -1 3 7 °  ( T s c h i t s c h i b a b i n  a n d  T j a s h e l o w a ,  
J . R u s s . P h y s . Chem. S o c . , 1 9 2 0 , 5 0 , 4 8 5 ,  g i v e  p l a t e s ,  m . p . l 3 7 ° ,  
f ro m  b e n z e n e ) .
5 -Bromo- 2 - n i t r a m i n o p y r i d i n e  ( X L I ) . — ( c f .  T s c h i t s c h i b a b i n  
an d  T ja s h e lo w a ,  J . R u s s . P h y s . Chem. S o c . , 1 9 2 0 , 5 0 , 4 8 3 ) .  2 -
A mino- 5 - b r o m o p y r id in e  (5 g . )  w as a d d e d  s lo w ly  an d  w i t h  
c o o l i n g  t o  s u l p h u r i c  a c i d  (12  c . c . ;  d , 1 . 8 4 )  f o l l o w e d  by 
a  m ix tu r e  o f  n i t r i c  a c i d  ( 1 .9 5  c . c . ;  d , 1 . 4 2 )  a n d  s u l p h u r i c  
a c i d  ( 2 .1  c . c . ;  d , 1 . 8 4 )  a d d e d  d ro p w is e  w i t h  s t i r r i n g  
b e lo w  2 0 ° .  A f t e r  s t i r r i n g  f o r  a  f u r t h e r  h o u r  a t  1 5 °  
t h e  m ix tu r e  was p o u r e d  o n to  i c e  (1 5 0  g . )  a n d  t h e  r e s i d u e  
c o l l e c t e d ,  d r i e d  an d  c r y s t a l l i s e d  f ro m  e t h y l  a c e t a t e  t o  
g i v e  5 -b ro m o - 2 - n i t r a m i n o p y r i d i n e  ( 3 . 0  g . )  a s  y e l l o w  
n e e d l e s ,  m . p . 1 8 8 °  (d e c o m p .)  ( T s c h i t s c h i b a b i n  and  
T ja s h e lo w a ,  i b i d . ,  g i v e  y e l l o w  n e e d l e s ,  m .p .1 8 1 ° ( d e c o m p . ) , 
f ro m  w a t e r  o r  e t h a n o l ) .
2 -A m ino- 5 -b ro m o - 3 - n i t r o p y r i d i n e  ( X L I I ) . — ( a )  ( c f .  
T s c h i t s c h i b a b i n  an d  T ja s h e lo w a ,  J . R u s s . P h y s ♦Chem. S o e . ,  
1 9 2 0 , 5 0 ,4 8 3 ) .  5 -Bromo- 2 - n i t r a m i n o p y r i d i n e  ( 3 . 0  g . )  a n d
s u l p h u r i c  a c i d  (15 c . c . ;  d , 1 .8 4 )  w as h e a t e d  a t  1 0 0 °  f o r  
one h o u r ,  c o o l e d ,  p o u r e d  o n to  i c e  (1 5 0  g . )  a n d  made j u s t
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a l k a l i n e  w i t h  so d iu m  h y d r o x id e  w i t h  c o o l i n g .  The s o l i d  
was c o l l e c t e d , ,  d r i e d  an d  c r y s t a l l i s e d  f r o m  e t h y l  a c e t a t e  
t o  g iv e  2 - a m in o - 5 -b ro m o - 3 - n i t r o p y r i d i n e  ( 1 .6  g . )  a s  
y e l l o w  n e e d l e s ,  m . p . 2 0 5 °  ( T s c h i t s c h i b a b i n  an d  T j a s h e l o w a ,  
i b i d . ,  g i v e  y e l l o w  n e e d l e s ,  m . p . 2 0 5 ° ,  f ro m  e t h a n o l ) .
(b )  2 -A m in o - 5 - b ro m o p y r id in e  (1 0  g . ) was a d d e d  s lo w ly  
an d  w i t h  c o o l i n g  t o  s u l p h u r i c  a c i d  (24  c . c . ;  d , 1 . 8 4 )  
f o l l o w e d  by a  m i x t u r e  o f  n i t r i c  a c i d  ( 3 . 9  c . c . ;  d , 1 . 4 2 )  
an d  s u l p h u r i c  a c i d  ( 4 . 2  c . c . ;  d , 1 . 8 4 )  a d d e d  d r o p w is e  w i t h  
s t i r r i n g  b e lo w  2 0 ° .  A f t e r  s t i r r i n g  f o r  a  f u r t h e r  h o u r  
a t  1 5 °  t h e  m i x t u r e  was h e a t e d  a t  1 0 0 °  f o r  one h o u r ,  
c o o l e d ,  p o u re d  o n to  i c e  (2 5 0  g . )  an d  made j u s t  a l k a l i n e  
w i t h  sod ium  h y d r o x id e  w i t h  c o o l i n g .  The s o l i d  w as 
c o l l e c t e d ,  d r i e d  a n d  c r y s t a l l i s e d  f ro m  e t h y l  a c e t a t e  t o  
g i v e  2 - a m in o - 5 -b ro m o - 3 - n i t r o p y r i d i n e  ( 6 . 4  g . )  a s  y e l l o w  
n e e d l e s ,  m . p . 2 0 5 ° ,  a l o n e  o r  m ix ed  w i t h  a  s p e c im e n  ( a ) .
2 : 5  -D iam ino  -5 -brom o - 4 ( 6 )  - c h i o r o p y r i d i n e  (XLV) . — 2 -Amino - 
5 -b ro m o - 3 - n i t r o p y r i d i n e  ( 2 .7 5  g . ) ,  c o n c e n t r a t e d  h y d r o ­
c h l o r i c  a c i d  (3 0  c . c . )  a n d  g r a n u l a t e d  t i n  (7 g . )  w ere  
r e f l u x e d  u n t i l  a l l  t h e  t i n  h a d  d i s s o l v e d .  The s o l u t i o n  
w as e v a p o r a t e d  and  th e  r e s i d u e  d i s s o l v e d  i n  h o t  w a t e r  
(15 c . c . )  an d  f i l t e r e d .  The f i l t r a t e  w as b a s i f i e d  by 
t h e  a d d i t i o n  o f  a q u e o u s  so d iu m  h y d r o x id e  (3 0  c . c . ;  50$) 
w i t h  c o o l i n g ,  a n d  t h e  s o l i d  m a t e r i a l  c o l l e c t e d ,  d r i e d
-  71 -
an d  e x t r a c t e d  w ith ,  b o i l i n g  b e n z e n e  (3  x  100 c . c . ) .  The 
r e s i d u e  o b t a i n e d  on  e v a p o r a t i o n  was c r y s t a l l i s e d  f ro m  
w a te  r  t o  g i v e  2 : 3 - d i a m i n o - 5 -b ro m o - 4 ( 6 ) - c h i o r o p y r i d i n e  
( 0 . 6  g . )  a s  l o n g  n e e d l e s ,  m . p . 1 6 4 ° .
P o u n d : N ,1 8 .7 $
C5H6N3C lB r  r e q u i r e s :  N ,1 8 .9 $
A f i l t e r e d  s o l u t i o n  o f  2 : 3 - d i a m i n o - 5 - b r o m o - 4 ( 6 ) -  
c h i o r o p y r i d i n e  ( 0 . 1  g . )  i n  g l a c i a l  a c e t i c  a c i d  (5 c . c . )  
was ad d ed  t o  a  h o t  f i l t e r e d  s o l u t i o n  o f  p h e n a n t h r a q u i n o n e  
( 0 .1 2  g . )  i n  g l a c i a l  a c e t i c  a c i d  (15 c . c . )  a n d  h e a t e d  
a t  1 0 0 °  f o r  15 m i n u t e s .  On c o o l i n g ,  t h e  c r y s t a l s  w ere  
c o l l e c t e d ,  w ashed  w i t h  g l a c i a l  a c e t i c  a c i d  (5 c . c . )  and  
d r i e d  t o  g iv e  t h e  p h e n a n t h r a q u i n o n e  d e r i v a t i v e  o f  2 : 3 -  
d ia m in o - 5 -b ro m o - 4 ( 6 ) - c h i o r o p y r i d i n e  ( 0 .0 7  g . )  a s  o r a n g e  
n e e d l e s ,  m . p . 2 7 0 - 2 7 2 ° .
P o u n d :  N ,1 1 .0 $
Cx©HeN3ClBr r e q u i r e s :  N ,1 0 .6 $
5 -Bromo- 3 - n i t r o - 2 - p y r i d o l  ( X L V I I ) . — (a )  To a  c o o l e d  
s o l u t i o n  o f  2 - a m in o - 5 -b ro m o - 3 - n i t r o p y r i d i n e  (1 0  g . )  i n  
s u l p h u r i c  a c i d  (25 c . c . ;  d , 1 . 8 4 )  was a d d e d  a  c o o l e d  
s o l u t i o n  o f  so d iu m  n i t r i t e  (6 g . )  i n  w a t e r  (15 c . c . )  
s lo w ly  and  w i t h  s t i r r i n g .  A f t e r  s t i r r i n g  f o r  a  f u r t h e r  
30 m in u te s  a t  0 °  t h e  s o l u t i o n  was d i l u t e d  w i t h  w a t e r  
(150  c . c . )  w i t h  c o o l i n g  and  th e  o r a n g e  p r e c i p i t a t e
-  72 -
c o l l e c t e d ,  d r i e d  an d  c r y s t a l l i s e d  f ro m  e t h a n o l  t o  g i v e  
5 -b ro m o - 3 - n i t r o - 2 - p y r i d o l  ( 6 .0 5  g . )  a s  p a l e  y e l l o w  
n e e d l e s ,  m . p . 2 4 0 -2 4 1 °  ( d e e o m p . ) .
P o u n d : 0 , 2 7 . 7 ;  H ,1 .0 $
CgHaOsNgBr r e q u i r e s :  0 , 2 7 . 4 ;  H ,1 .4 $
(b )  2 -A m ino- 5 - b ro m o p y r id in e  (1 0  g . )  w as a d d e d  s lo w ly  
a n d  w i t h  c o o l i n g  t o  s u l p h u r i c  a c i d  (24  c . c . ;  d , 1 .8 4 )  
f o l l o w e d  by a  m i x t u r e  o f  n i t r i c  a c i d  ( 3 . 9  c . c . ;  d , 1 . 4 2 )  
a n d  s u l p h u r i c  a c i d  ( 4 . 2  c . c . ;  d , 1 . 8 4 )  a d d e d  d ro p w is e  w i t h  
s t i r r i n g  b e lo w  2 0 ° .  A f t e r  s t i r r i n g  f o r  a  f u r t h e r  h o u r  
a t  1 5 °  t h e  m i x t u r e  was h e a t e d  a t  1 0 0 °  f o r  one h o u r ,  
c o o l e d  a n d  a  c o o l e d  s o l u t i o n  o f  so d iu m  n i t r i t e  (8  g . )  
i n  w a t e r  (20  c . c . )  a d d e d  s lo w ly  w i t h  s t i r r i n g .  A f t e r  
s t i r r i n g  f o r  a  f u r t h e r  30 m i n u t e s  a t  0 °  t h e  s o l u t i o n  w as 
d i l u t e d  w i t h  w a t e r  (150  c . c . )  w i t h  c o o l i n g  a n d  t h e  
o ra n g e  p r e c i p i t a t e  c o l l e c t e d ,  d r i e d  a n d  c r y s t a l l i s e d  
f ro m  e t h a n o l  t o  g i v e  5 -b ro m o - 3 - n i t r o - 2 - p y r i d o l  ( 6 . 8  g . )  
a s  p a l e  y e l l o w  n e e d l e s ,  m . p . 2 4 0 -2 4 1 °  ( d e c o m p . ) ,  a l o n e  o r  
m ix e d  w i t h  a  s p e c im e n  ( a ) .
2 : 5 - P ib ro m o - 3 - n i t r o p y r i d i n e  (X L V I I I ) . — 5 -B rom o- 3 - n i t r o  -  
2 - p y r i d o l  (4 0  g . )  was a d d e d  t o  a  m i x t u r e  o f  p h o s p h o r u s  
t r i b r o m i d e  (1 0 0  g . )  an d  b ro m in e  ( 2 9 . 2  g . ) ,  h e a t e d  a t  
1 0 0 °  f o r  20 h o u r s ,  decom posed  w i t h  m e th a n o l  (5 0 0  c . c . )  
an d  e v a p o r a t e d  t o  2 0 0 -3 0 0  c . c .  W a te r  (1 0 0 0  c . c . )  wa s
-  73 -
a d d e d  a n d  t h e  p r e c i p i t a t e d  s o l i d  c o l l e c t e d ,  d r i e d  a n d  
c r y s t a l l i s e d  f ro m  l i g h t  p e t r o l e u m  ( 6 0 - 8 0 ° )  t o  g i v e  2 : 5 -  
d ib ro m o - 5 - n i t r o p y r i d i n e  (41  g . )  a s  s t o u t  n e e d l e s ,  m . p .  
9 3 ° .
P o u n d : C , 2 1 . 4 j  H ,1 .0 $
C6Hs Os Ns B r8 r e q u i r e s :  C , 2 1 . 3 j  H ,0 .7 $
R e a c t i o n  o f  2 : 5 - P ib ro m o - 5 - n i t r o p y r i d i n e  w i t h  M a g n e s iu m .—
(a )  To m agnes ium  s h a v i n g s  ( 1 .2 1 5  g . )  was a d d e d  a  s o l u t i o n  
o f  e t h y l  b ro m id e  ( 0 . 2  g . ) i n  d r y  e t h e r  (4  c . c . ) .  A f t e r  
t h e  r e a c t i o n  h a d  b e g u n ,  a  s o l u t i o n  o f  2 : 5 - d i b r o m o - 3 -  
n i t r o p y r i d i n e  ( 2 .8 2  g . )  a n d  e t h y l  b ro m id e  ( 1 . 9 8  g . )  i n  
d r y  e t h e r  (4 0  c . c . )  was a d d e d  s lo w ly  w i t h  s t i r r i n g .  As 
t h e  r e a c t i o n  p r o c e e d e d ,  a  brow n p r e c i p i t a t e  o f  t h e  
G r ig n a r d  compound was f o r m e d .  When t h e  r e a c t i o n  h a d  
s l a c k e n e d ,  t h e  m i x t u r e  was r e f l u x e d  f o r  2 h o u r s ,  c o o l e d  
a n d  p o u r e d  o n to  d r y ,  p o w d e re d ,  s o l i d  c a r b o n  d i o x i d e .
A f t e r  e v a p o r a t i o n  o f  t h e  c a r b o n  d i o x i d e  t h e  m i x t u r e  w as 
s h a k e n  w i t h  w a t e r  (1 0 0  c . c . )  c o n t a i n i n g  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  (1 0  c . c . ) .  No p r o d u c t  was o b t a i n e d  
f ro m  t h e  r e s i d u e  on e v a p o r a t i o n  o f  t h e  m i x t u r e  by t h e  
a c t i o n  o f  m e t h a n o l i c  h y d r o c h l o r i c  a c i d  a n d  no s t a r t i n g  
m a t e r i a l  was r e c o v e r e d .
(b )  The p r e v i o u s  e x p e r i m e n t  w as r e p e a t e d ,  e x c e p t  t h a t  
c a r b o n a t i o n  was c a r r i e d  o u t  by  t r e a t m e n t  w i t h  l i q u i d
-  74
c a r b o n  d i o x i d e  u n d e r  p r e s s u r e .  No p r o d u c t  was o b t a i n e d  
n o r  was an y  s t a r t i n g  m a t e r i a l  r e c o v e r e d .
R e a c t i o n  o f  2 : 5 -D ib ro m o - 3 - n i t r o p y r i d i n e  w i t h  L i t h i u m . —
(a )  2 : 5 - D i b r o m o - 3 - n i t r o p y r i d i n e  ( 2 . 8 2  g » ) ,  l i t h i u m  w i r e  
( 0 .3 0  g . ) an d  d r y  e t h e r  (50  c . c . )  w ere  r e f l u x e d  w i t h  
s t i r r i n g  f o r  f i v e  h o u r s .  No r e a c t i o n  t o o k  p l a c e  n o r  d i d  
any  t a k e  p l a c e  on s t o r i n g  a t  1 0 °  f o r  24 h o u r s .  The 
s o l u t i o n  w as d e c a n t e d  f ro m  th e  l i t h i u m ,  e v a p o r a t e d  a n d  
th e  r e s i d u e  c r y s t a l l i s e d  f ro m  l i g h t  p e t r o l e u m  ( 4 0 - 6 0 ° )
t o  g i v e  s t o u t  n e e d l e s  ( 2 .8 0  g . ) ,  m . p . 9 3 ° ,  a l o n e  o r  m ix e d  
w i t h  a u t h e n t i c  2 : 5 - d i b r o m o - 3 - n i t r o p y r i d i n e .
(b )  2 :5 -D ib ro m o - 3 - n i t r o p y r i d i n e  ( 2 . 8 2  g . ) ,  l i t h i u m  w i r e  
( 0 .3 0  g . )  a n d  d r y  t o l u e n e  (50  c . c . )  w ere  r e f l u x e d  w i t h  
s t i r r i n g  f o r  10  h o u r s .  No r e a c t i o n  t o o k  p l a c e  n o r  d i d  
any  t a k e  p l a c e  on s t o r i n g  a t  1 0 °  f o r  24 h o u r s .  The 
s o l u t i o n  was d e c a n t e d  f r o m  t h e  l i t h i u m ,  e v a p o r a t e d  an d  
t h e  r e s i d u e  c r y s t a l l i s e d  f ro m  l i g h t  p e t r o l e u m  ( 4 0 - 6 0 ° )  
t o  g i v e  s t o u t  n e e d l e s  ( 2 . 6 0  g . ) ,  m . p . 9 3 ° ,  a l o n e  o r  m ix e d  
w i t h  a u t h e n t i c  2 : 5 - d i b r o m o - 3 - n i t r o p y r i d i n e .
R e a c t i o n  o f  2 : 5 -D ib ro m o - 5 - n i t r o p y r i d i n e  w i t h  n - B u t y l  
l i t h i u m . — n - B u t y l  c h l o r i d e  (1  g . )  ( O r g . S y n t h . , 5 . 2 7 )  i n  
d ry  e t h e r  (1 0  c . c . )  was p l a c e d  i n  a  f l a s k  w i t h  a  s i d e  
n e c k  f o r  a d m i t t i n g  d r y  n i t r o g e n ,  t h e  m a in  n e c k  b e i n g  
f i t t e d  w i t h  a  3 -way a d a p t o r ,  c a r r y i n g  a  d r o p p in g  f u n n e l ,
-  75  -
a  m e rc u ry  s e a l e d  s t i r r e r  a n d  a  r e f l u x  c o n d e n s e r  t o  th e  
o u t l e t  o f  w h ic h  was a t t a c h e d  a n  o i l  b u b b l i n g  d e v i c e .  
L i t h i u m  w i r e  ( 0 . 6  g . )  was a d d e d ,  s t i r r i n g  was commenced 
an d  th e  f lo w  o f  n i t r o g e n  s e t  a t  a b o u t  2 b u b b l e s  p e r  
s e c o n d .  When t h e  r e a c t i o n  h a d  com m enced, a  s o l u t i o n  
o f  n - b u t y l  c h l o r i d e  ( 2 . 7  g . )  i n  d ry  e t h e r  (1 0  c . c . )  was 
a d d e d  d r o p w is e ,  and  when th e  r e a c t i o n  b e g a n  t o  s l a c k e n ,  
d ry  e t h e r  (10  c . c . )  was a d d e d  and  th e  m i x t u r e  r e f l u x e d  
f o r  a  f u r t h e r  2 h o u r s .  The s o l u t i o n  w as c o o l e d  t o  - 3 5 °  
and  t o  i t  was ad d e d  a  s o l u t i o n  o f  2 : 5 - d i b r o m o - 3 - n i t r o - 
p y r i d i n e  ( 4 . 2  g . ) i n  d ry  e t h e r  (50  c . c . ) .  A f t e r  s t a n d i n g  
a t  - 3 5 °  f o r  15 m i n u t e s ,  t h e  s o l u t i o n  was c a r b o n a t e d  by 
p o u r in g  i t  o n to  d ry  p o w d e re d  s o l i d  c a r b o n  d i o x i d e .  The 
c a r b o n  d i o x i d e  was a l l o w e d  t o  e v a p o r a t e  and  t h e  m i x t u r e  
a c i d i f i e d  by s h a k in g  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d .  The 
e t h e r  l a y e r  was s e p a r a t e d  a n d  t h e  a q u e o u s  l a y e r  and  
s o l i d  m a t e r i a l  co m b in ed  and  e v a p o r a t e d .  No p r o d u c t  was 
o b t a i n e d  f ro m  th e  r e s i d u e  by t h e  a c t i o n  o f  m e t h a n o l i c  
h y d r o c h l o r i c  a c i d .  The e t h e r  l a y e r  was e v a p o r a t e d  a n d  
t h e  r e s i d u e  c r y s t a l l i s e d  f ro m  l i g h t  p e t r o l e u m  ( 4 0 - 6 0 ° )  
t o  g i v e  s t o u t  n e e d l e s  ( 1 . 0  g . ) ,  m . p . 9 3 ° ,  a lo n e  o r  m ix e d  
w i t h  a u t h e n t i c  2 :5 - d i b r o m o - 3 - n i t r o p y r i d i n e .
5 -Brom o- 5 - n i t r o p i c o l i n o n i t r i l e  ( XLI X) . — An i n t i m a t e  
m ix t u r e  o f  2 : 5 - d ib r o m o - 3 - n i t r o p y r i d i n e  ( 2 . 8 2  g . )  a n d
-  76 -
c u p r o u s  c y a n id e  ( 2 . 7  g . )  ( O r g . S y n t h . , 8 , 4 )  was h e a t e d  on 
a  m e t a l - b a t h  i n  a  f l a s k  f i t t e d  w i t h  a n  a i r - c o o l e d  r e f l u x  
c o n d e n s e r  p lu g g e d  a t  t h e  t o p  w i t h  c o t t o n - w o o l .  R e a c t i o n  
t o o k  p l a c e  a t  1 8 0 ° ,  a  vacuum  was a p p l i e d  an d  t h e  h e a t  
s o u r c e  rem oved  a f t e r  15 s e c o n d s .  On c o o l i n g ,  t h e  
vacuum  was r e l e a s e d  and  th e  c o t t o n - w o o l ,  a p p a r a t u s  a n d  
r e s i d u e  t h o r o u g h l y  w ash ed  w i t h  a c e t o n e .  The r e s i d u e  
o b t a i n e d  on e v a p o r a t i o n  o f  th e  w a s h in g s  w as  c r y s t a l l i s e d  
f ro m  b e n z e n e - l i g h t  p e t r o l e u m  ( 4 0 - 6 0 ° )  t o  g i v e  5 -b ro m o - 3 -  
n i t r o p i c o l i n o n i t r i l e  ( 1 .5  g . )  a s  n e e d l e s ,  m . p . l 0 2 ° .
R ound: C , 3 l . 5 j  H , 1 . 2 ;  N , 1 8 .3 %
C6H20 s N3B r r e q u i r e s :  C , 3 1 .6 ;  H , 0 . 9 j  N ,1 8 .4 $
5 -Brom o- 3 - n i t r o p i c o l i n a m i d e  ( L ) . — 5 -B rom o- 3 - n i t r o ­
p i c o l i n o n i  t r i l e  ( 0 . 5  g . ) an d  s u l p h u r i c  a c i d  (1 c . c . ;  
d , 1 .8 4 )  w ere  h e a t e d  f o r  2 h o u r s  a t  1 0 0 ° ,  d i l u t e d  w i t h  
w a t e r  (10  c . c . )  w i t h  c o o l i n g ,  an d  t h e  p r e c i p i t a t e  
c o l l e c t e d ,  d r i e d  a n d  c r y s t a l l i s e d  f ro m  w a t e r  t o  g i v e  5 -  
b ro m o - 3 - n i t r o p i c o l i n a m i d e  ( 0 . 3  g . )  a s  n e e d l e s ,  m .p . 2 3 2 -  
2 3 3 °  ( d e c o m p . ) .
Round: 0 , 2 9 . 1 ;  H , 2 . 0 ;  N ,1 7 .1 #
C6H4 Q3N3B r r e q u i r e s :  C , 2 9 . 3 j  H , 1 . 6 ;  N ,17 .1%
2 -A m ino- 5 -b ro m o - 3 - n i t r o p y r i d i n e  ( X L I I ) . — 5 -B rom o- 3 -  
n i t r o p i c o l i n a m i d e  (1 2 .1 -  g . )  was a d d e d  t o  a  s o l u t i o n  o f  
b ro m in e  (9 g . )  i n  w a t e r  (500  c . c . )  c o n t a i n i n g  p o t a s s i u m
-  77 -
hydroxide (55 g . )  a t  0°  and shaken v ig o r o u s ly  f o r  3 h o u r s ,  
warmed to  7.0° f o r  30 m inu tes  and s to r e d  a t  0° f o r  16 h o u rs .  
The y e l lo w  p r e c i p i t a t e  was c o l l e c t e d ,  d r ie d  and c r y s t a l l i s e d  
from e t h y l  a c e t a t e  to  g iv e  2 -a m in o -5 -b r o m o -3 -n itr o p y r id in e  
(7 g . )  as y e l lo w  n e e d l e s ,  m .p .2 0 5 ° ,  a lone  or mixed w ith  a 
specim en prepared from 2 -a m in o -5 -b ro m o p y r id in e .
R ea ct io n  o f  5 -Bromo- 3 - n i t r o p i c o l i n o n i t r i l e  w ith  Cuprous 
Cyanide . — (a) An in t im a te  m ixture o f  5 -b r o m o -3 -n i t r o -  
p i c o l i n o n i t r i l e  ( 1 .1 4  g . )  and cuprous cyan id e  ( 0 .9  g . )  
was h ea ted  on a m e ta l -b a th  in  a f l a s k  f i t t e d  w ith  an a i r -  
co o le d  r e f l u x  condenser  p lu gged  a t  the top  w ith  c o t t o n ­
w o o l.  R e a c t io n  took  p la c e  a t  2 4 0 ° ,  a vacuum was a p p l ie d  
and the h e a t  source removed a f t e r  15 se c o n d s .  On c o o l i n g ,  
the vacuum was r e le a s e d  and the c o t to n -w o o l ,  ap p aratu s  
and r e s id u e  th orou gh ly  washed w ith  a c e to n e .  The r e s id u e  
ob ta in ed  on e v a p o r a t io n  o f  the w ash ings was c r y s t a l l i s e d  
from b e n z e n e - l ig h t  p etro leu m  (4 0 -6 0 ° )  to  g iv e  n e e d le s  
( 0 .6  g . ) ,  m .p . l 0 2 ° ,  a lone  or mixed w ith  a u th e n t ic  5 -  
bromo- 3 - n i t r o p i c o l i n o n i t r i l e . Ro c r y s t a l l i n e  p rod u ct
was o b ta in ed  from the mother l i q u o r s .
(b) 5 -Bromo- 3 - n i t r o p i c o l i n o n i t r i l e  ( 1 .1 4  g . ) ,  cuprous  
cyanide ( 0 .9  g . )  and q u in o l in e  (10 c . c . )  were r e f lu x e d  
f o r  one hour, c o o le d ,  f i l t e r e d  and the r e s id u e  e x t r a c t e d  
w ith  e t h e r  (2 x  10 c . c . ) .  The combined f i l t r a t e  and
i
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e x t r a c t s  were shaken w ith  w a ter  (25 c . c . )  c o n t a in in g  
j u s t  enough h y d r o c h lo r ic  a c id  to  e x t r a c t  the  q u in o l in e  
from the e th e r  l a y e r .  E vap oration  o f  the  e th e r  l a y e r  
gave a r e s id u e  ( 0 . 1  g . )  from w hich  no c r y s t a l l i n e  
m a te r ia l  was o b ta in e d .
5 -Bromo- 2 - c h l o r o - 5 - n i t r o p y r id in e  ( L I I ) . — (a)  5-Bromo-
3 - n i t r o - 2 - p y r i d o l  ( 1 .1  g * ) ,  phosphorus p e n ta c h lo r id e  
(2 g . )  and phosphoryl c h lo r id e  ( 1 . 5  c . c . )  were h e a te d  a t  
100° f o r  2 h o u rs ,  decomposed w ith  m ethanol (10 c . c . ) ,  
w a ter  (40 c . c . )  added, and the s o l i d  m a t e r ia l  c o l l e c t e d ,  
d r ie d  and e x tr a c t e d  w ith  l i g h t  petro leum  (50 c . c . ;  6 0 -
8 0 ° ) .  The r e s id u e  o b ta in ed  on e v a p o r a t io n  was 
c r y s t a l l i s e d  from e th a n o l  ( c h a r c o a l ) -w a t e r  to  g iv e  5 -  
bromo- 2 - c h l o r o - 5 - n i t r o p y r id in e  ( 0 . 5  g . ) a s  p r ism s ,  m. p . 6 8
Bound: C,2 5 . 7 ;  H , 0 . 7 #
CsHgOjgNgClBr r e q u ir e s :  0 , 2 5 . 3 ;  H ,0 .8 $
(b) ( c f .  P ie r o n i ,  A t t i . a c c a d . L i n c e i , 1 9 2 6 , [ 6 ] , 2 . 1 2 5 .  who 
c la im s  to  have c a r r ie d  out t h i s  r e a c t io n  but who g i v e s  
no ex p er im en ta l  d e t a i l s  and g i v e s  n e i t h e r  a n a ly s e s  nor  
m e lt in g  p o in t  f o r  the p r o d u c t ) .  To a m ixture  o f  2-am ino  
5 -bromo- 3 - n i t r o p y r id in e  ( 2 .1 8  g . )  and c o n c e n tr a te d  h yd ro ­
c h lo r i c  a c id  (10 c . c . )  a t  0°  was added sodium n i t r i t e  
( 1 .5  g . ) i n  w ater  (4 c . c . )  s lo w ly  and w ith  c o o l in g  and 
the m ixture  shaken f o r  a f u r t h e r  hour, a f t e r  which tim e
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the s o l u t i o n  was a lm ost n e u t r a l i s e d  "by the  a d d i t io n  o f  
aqueous sodium hydroxide (30$) w ith  c o o l i n g .  The s o l i d  
which se p a r a ted  was c o l l e c t e d ,  d r ie d  and c r y s t a l l i s e d  
from e th a n o l  ( c h a r c o a l ) -w a te r  to  g iv e  5 -bromo- 2 - c h l o r o -  
3 - n i t r o p y r id in e  (1 .0 1  g . )  as p r ism s , m . p . 6 8 ° ,  a lone  or  
mixed w ith  a specim en ( a ) .
Pound: 0 , 2 5 . 6 ;  H ,1 .0 $
3 -Amino- 5 -bromo- 2 -c h lo r o p y r id in e  (L I ) .  (a)  5 -Bromo- 2 -
c h lo r o - 3 - n i t r o p y r id in e  ( 1 . 7  g . ) ,  g l a c i a l  a c e t i c  a c id  
(12 c . c . )  and ir o n  f i l i n g s  ( 2 . 0  g . )  were h e a ted  a t  100°  
f o r  2 h o u rs , d i lu t e d  w ith  w ater  (15 c . c . )  and a s o l u t i o n  
o f  sodium hydroxide (4 g . )  in  w ater  (10 c . c . )  added w ith  
c o o l in g .  The s o l i d  m a te r ia l  was c o l l e c t e d ,  d r ie d  and 
c r y s t a l l i s e d  from aceton e  ( c h a r c o a l ) -w a te r  to  g iv e  3 -  
amino- 5 -bromo- 2 -c h io r o p y r id in e  ( 1 . 0  g . )  a s  n e e d l e s ,  m.p.  
1 3 1 ° .  L ig h t  a b so r p t io n  in  e th a n o l:  Maxima a t  2510
( £ = 7210) and 3120A ( i  = 4960) .
Pound: 0 , 2 8 . 9 ;  H , 1 . 6 ;  N , 1 3 . 8 % 
C5H4N2ClBr r e q u ir e s :  0 , 2 8 . 9 ;  H , 1 . 9 ;  N , l 3 . 5 $
(b) 2 : 5 -D ib r o m o -3 -n itro p y r id in e  ( 2 . 8 2  g . ) ,  c o n c e n tr a te d  
h y d r o c h lo r ic  a c id  (30  c . c . )  and g r a n u la te d  t i n  (7 g . )  
were r e f lu x e d  u n t i l  a l l  the t i n  had d i s s o l v e d ,  e v a p o r a te d  
and the  r e s id u e  d i s s o lv e d  in  h o t  w a ter  (15 c . c . )  and 
f i l t e r e d .  Aqueous sodium hydroxide (30 c . c . ;  50$) was 
added w ith  c o o l in g  and the p r e c i p i t a t e  c o l l e c t e d ,  d r ie d
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and e x tr a c t e d  w ith  h o t  benzene (100 c . c . ) • The r e s id u e  
on e v a p o r a t io n  was c r y s t a l l i s e d  from w a ter  ( c h a r c o a l)  to  
g iv e  3 -am ino- 5 -b ro m o -2 -ch lo ro p y r id in e  ( 0 . 2  g . )  as n e e d le s  
m .p . l3 1 ° ,  a lone  or mixed w ith  a specim en ( a ) . L ig h t  
a b so r p t io n  in  e th a n o l:  Maxima a t  2510 ( €  = 7250) and
3140A ( t  = 4 7 30 ) .
Found: C,29.1> H ,2 .1 $
5 -Bromo- 2 : 3 - d ic h lo r o p y r id in e  ( L I I I ) . — 3 -Amino- 5 -bromo-
2 -c h lo r o p y r id in e  ( 0 . 3  g . )  was d i s s o lv e d  in  c o n c e n tr a te d  
h y d ro c h lo r ic  a c id  (10 c . c . ) ,  c o o le d  to  0°  and sodium  
n i t r i t e  ( 0 . 55  g . )  i n  w ater  ( 1 . 5  c . c . )  added dropwise  
w ith  good sh ak in g . Copper powder ( 1 . 1  g . )  was added 
and the m ixture shaken f o r  one hour and a lm ost n e u t r a l ­
i s e d  by the a d d i t io n  o f  aqueous sodium hydroxide (30$)  
w ith  c o o l in g .  The s o l i d  was c o l l e c t e d ,  d r ie d  and 
e x tr a c t e d  w ith  a c e to n e ,  the r e s id u e  on e v a p o r a t io n  b e in g  
shaken w ith  l i g h t  petro leum  (5 c . c . ;  4 0 -6 0 ° )  and f i l t e r e d  
The rem aining r e s id u e  ( 0 . 1  g . )  had m .p .1 1 9 -1 2 5 °  a lon e  
or mixed w ith  a u th e n t ic  3 -am ino- 5 -bromo- 2 - c h i o r o p y r i d i n e . 
The f i l t r a t e  was evap orated  and the r e s id u e  c r y s t a l l i s e d  
from aqueous a ceton e  to  g iv e  5 -bromo- 2 : 5 - d ic h lo r o p y r id in e  
( 0 . 1  g . )  a s  n e e d l e s ,  m .p .3 0 -3 1 ° .
Found: Cl + Br, 6 6 .0 $
C6Hs NCls Br r e q u ir e s :  Cl + Br, 6 6 . 5 $
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2 -Amino- 5 -c h io r o p y r id in e  ( LI V) . — ( c f .  T s c h i t s c h ib a b in  
and Jegorow, J . R u ss . P h y s . Chem. S o c . ,1 9 2 8 ,6 0 ,6 8 3 ) ■  C h lor ine  
was p a ssed  in t o  2 -a m in op yr id in e  ( 4 . 5 3  g . )  i n  e th a n o l  
(150 c . c . )  a t  0°  u n t i l  6 .7  g .  had been absorb ed . The 
e th a n o l  was eva p o ra ted  and the  r e s id u e  made a lk a l in e  
w ith  sodium carbonate  and steam  d i s t i l l e d .  The c r y s t a l s  
i n  the d i s t i l l a t e  were c o l l e c t e d  and the  f i l t r a t e  was 
sa tu r a te d  w ith  hydrogen c h l o r i d e ,  c o n c e n tr a te d  to  sm a ll  
bulk and b a s i f i e d  w ith  aqueous sodium hydroxide  ( 2 0 $ ) .
The c r y s t a l s  were c o l l e c t e d ,  combined w ith  th o se  
p r e v io u s ly  o b ta in ed  and e x t r a c t e d  w ith  b o i l i n g  l i g h t  
petro leum  (2 x  50 c . c . ;  6 0 -8 0 ° )  l e a v in g  2 -am ino-5 - 
c h lo r o p y r id in e  ( 2 . 6  g . )  a s  a s o l i d ,  m .p .1 3 5 -1 3 6 °  
(T sc h i t s c h ib a b in  and Jegorow, i b i d . , g iv e  m .p .1 3 5 -1 3 6 ° )  . 
The r es id u e  ob ta in ed  on e v a p o r a t io n  o f  the l i g h t  p e tro leu m  
e x t r a c t  was c r y s t a l l i s e d  from aqueous e th a n o l ,  to  g iv e
2 -amino- 3 : 5 -d ic h lo r o p y r id in e  ( 1 . 0  g . )  as  p r ism s ,  m . p .  
80 -8 1°  (T s c h i t s c h ib a b in  and Jegorow, i b i d . ,  g iv e  m . p . 8 0 -  
8 1 ° ) .
5 -C h loro - 2 -n itr a m in o p y r id in e  ( L X I ) . — ( c f .  T s c h i t s c h ib a b in  
and Jegorow, J . R u ss . P h y s . Chem. S o c . ,1 9 2 8 ,6 0 ,6 8 3 ) .  2 -
A m ino-5 -ch lorop yrid in e  ( 3 . 7 1  g . )  was added s lo w ly  and 
w ith  c o o l in g  to  su lp h u r ic  a c id  (12 c . c . }  d , 1 . 8 4 )  f o l lo w e d  
by a m ixture o f  n i t r i c  a c id  ( 1 . 9 5  c . c . ;  d , 1 . 4 2 )  and
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su lp h u r ic  a c id  ( 2 . 1  c . c . ;  d , 1 . 8 4 )  added dropwise w ith  
s t i r r i n g  helow 20 ° .  A f te r  s t i r r i n g  f o r  a f u r t h e r  hour  
a t  15° the  m ixture was poured onto i c e  (150 g . )  and 
the r e s id u e  c o l l e c t e d ,  d r ied  and c r y s t a l l i s e d  from  
e t h y l  a c e t a t e  to  g iv e  5 - c h l o r o - 2 -n itr a m in o p y r id in e  
( 3 . 4  g . )  as y e l lo w  n e e d l e s ,  m .p .1 6 5 -1 6 6 °  (decomp.)  
(T s c h i t s c h ib a b in  and Jegorow, i b i d . , g iv e  m .p .1 5 9 -160°
( decomp. ) ) .
2 -Amino- 5 - c h lo r o - 3 - n i t r o p y r id in e  ( L XI I ) . — (a)  ( c f .  
T sc h it s c h ib a b in  and Jegorow, J . R u ss . P h y s . Chem. S o c . ,1 9 2 8 ,  
6 0 , 6 8 3 ) .  5 -C h loro - 2 -n itr a m in o p y r id in e  ( 1 . 5  g . )  and
su lp h u r ic  a c id  (4 c . c . ;  d , 1 . 8 4 )  were h e a ted  a t  1 00°  f o r  
one hour, c o o le d ,  poured onto i c e  (50 g . ) and made j u s t  
a lk a l in e  w ith  sodium hydroxide w ith  c o o l i n g .  The s o l i d  
was c o l l e c t e d ,  d r ied  and c r y s t a l l i s e d  from e th a n o l  to  
g iv e  2 -amino- 5 - c h lo r o - 3 - n i t r o p y r id in e  ( 0 . 4  g . )  a s  lo n g  
f l a t  y e l lo w  p r ism s, m . p . l 9 6 °  ( T s c h i t s c h ib a b in  and 
Jegorow, i b i d . ,  g iv e  m . p . 1 9 5 - 1 9 6 ° ) .
(b) 2 -Amino- 5 -c h lo r o p y r id in e  ( 3 . 7 1  g . )  was added s lo w ly  
and w ith  c o o l in g  to  su lp h u r ic  a c id  (12 c . c . ;  d , 1 . 8 4 )  
fo l lo w e d  by a m ixture o f  n i t r i c  a c id  ( 1 . 9 5  c . c . ;  d , 1 . 4 2 )  
and su lp h u r ic  a c id  ( 2 . 1  c . c . ;  d , 1 . 8 4 )  added dropw ise  
w ith  s t i r r i n g  below 20 ° .  A f te r  s t i r r i n g  f o r  a f u r t h e r  
hour a t  15°  the m ixture was h e a ted  a t  100°  f o r  one h ou r ,
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c o o le d ,  poured onto i c e  (150 g . )  and made j u s t  a l k a l i n e  
w ith  sodium hydroxide w ith  c o o l i n g .  The s o l i d  was 
c o l l e c t e d ,  d r ied  and c r y s t a l l i s e d  from e th a n o l  to  g iv e
2 -am ino- 5 - c h lo r o - 3 - n i t r o p y r id in e  ( 2 . 0  g . )  as  lo n g  f l a t  
y e l lo w  p r ism s, m . p . l 9 6 ° ,  a lo n e  or  mixed w ith  a specim en
(a) .
5 -C h loro - 5 - n i t r o - 2 -p y r id o l  (LXV). — (a) To a c o o le d  
s o l u t i o n  o f  2 -am ino- 5 - c h l o r o - 3 - n i t r o p y r id in e  ( 1 . 2 5  g . ) 
i n  su lp h u r ic  a c id  (4 c . c . ;  d , 1 . 8 4 )  and w a ter  ( 2 . 5  c . c . )  
was added sodium n i t r i t e  (1 g . )  s lo w ly  and w ith  s t i r r i n g .  
A fte r  s t i r r i n g  f o r  a f u r t h e r  hour a t  0° the r e a c t io n  
m ixture was d i lu t e d  w ith  w ater  (30 c . c . )  w ith  c o o l in g  
and the orange p r e c i p i t a t e  c o l l e c t e d ,  d r ie d ,  and 
c r y s t a l l i s e d  from e th a n o l  to  g iv e  5 - c h l o r o - 3 - n i t r o - 2 -  
p y r id o l  ( 1 .1 8  g . )  as  y e l lo w  p r ism s , m. p . 2 3 5 ° .
Found: C, 3 4 . 7 ;  H , 1 . 5 $
CeHsOgNgCl r e q u ir e s :  C , 3 4 . 4 ;  H, 1 . 7 $
(h) 2 -A m in o -5 -ch lo ro p y r id in e  ( 3 . 7 1  g . )  was added s lo w ly  
and w ith  c o o l in g  to  su lp h u r ic  a c id  (12 c . c . ;  d , 1 . 8 4 )  
fo l lo w e d  by a m ixture o f  n i t r i c  a c id  ( 1 . 9 5  c . c . ;  d , 1 . 4 2 )  
and su lp h u r ic  a c id  ( 2 . 1  c . c . ;  d , 1 . 8 4 )  added dropwise  
w ith  s t i r r i n g  below 20° .  A f te r  s t i r r i n g  f o r  a f u r t h e r  
hour a t  15° the r e a c t io n  m ixture was h e a te d  a t  100°  f o r  
one hour, c o o le d  and w ater  (10 c . c . )  added w ith  c o o l in g
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fo l lo w e d  by sodium n i t r i t e  ( 4 . 0  g . )  k e e p in g  the  
tem perature below 1 0 ° .  A f te r  s t i r r i n g  f o r  a f u r t h e r  
hour a t  0° the m ixture was d i l u t e d  w ith  w a te r  (100 c . c . )  
w ith  c o o l in g  and the orange p r e c i p i t a t e  c o l l e c t e d ,  d r ie d  
and c r y s t a l l i s e d  from e th a n o l  to  g iv e  5 - c h l o r o - 3 - n i t r o  -
2 -p y r id o l  ( 2 . 0  g . )  as  y e l lo w  p r ism s , m . p . 2 3 5 ° ,  a lo n e  or  
when mixed w ith  a specim en ( a ) .
2 -Bromo- 5 - c h lo r o - 3 - n i t r o p y r id in e  ( LXVI) . — 5 -C h lo r o - 3 -  
n i t r o - 2 -p y r id o l  ( 1 . 7 5  g . )  was added to  a m ixture  o f  
phosphorus tr ib rom id e  (5 g . )  and bromine ( 1 . 6  g . )  and 
h ea ted  a t  100° f o r  5 h ou rs . The r e a c t io n  m ixture  was 
decomposed w ith  m ethanol (10 c . c . ) ,  w a ter  (30 c . c . )  
added and the p r e c i p i t a t e  c o l l e c t e d ,  d r ied  and e x t r a c t e d  
w ith  l i g h t  petro leum  (50 c . c . }  6 0 - 8 0 ° ) .  The e x t r a c t  
was evaporated  and the  r e s id u e  c r y s t a l l i s e d  from e th a n o l  
(c h a r c o a l ) -w a te r  to  g iv e  2 -bromo-5 - c h l o r o - 5 - n i t r o p y r id in e  
( 1 . 4  g . )  as  p r ism s, m. p . 7 5 ° .
Found: 0 , 2 5 . 8 }  H, 0 . 8}  N ,1 1 .4 $  
C6Hs Os Ns ClBr r e q u ir e s :  0 , 2 5 . 3 }  H, 0 . 8}  N ,1 1 .8 #
5 -Amino -2 -bromo -5 - c h i  pro p y r id in e  (LXVI I)  . — 2 -Bromo -5 -  
c h lo r o - 3 -n i t r o p y r id in e  ( 1 . 7  g . ) ,  g l a c i a l  a c e t i c  a c id  
(12 c . c . )  and ir o n  f i l i n g s  (2 g . )  were h e a ted  a t  100°  
f o r  2 h o u rs ,  d i lu t e d  w ith  w a ter  (15 c . c . )  and p a r t i a l l y  
n e u t r a l i s e d  by the a d d i t io n  o f  sodium hyd rox id e  ( 4 g . )
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in  w ater  (10 c . e . )  w ith  c o o l in g .  The r e s id u e  was 
c o l l e c t e d ,  d r ied  and c r y s t a l l i s e d  from a ce to n e  ( c h a r c o a l ) - 
w ater  to  g iv e  5 -am ino- 2 -bromo- 5 -c h io r o p y r id in e  ( 1 . 2  g . )  
as n e e d l e s ,  m . p . 1 4 2 0 . L ig h t  a b s o r p t io n  i n  e th a n o l:
Maxima a t  2520 ( £-= 1 1 ,5 0 0 )  and 3140A ( £  = 5700) .
Pound: 0 , 2 9 . 6 ;  H , 1 . 8 $
C5H4N2ClBr r e q u ir e s :  0 , 2 8 . 9 ;  H , 1 . 9 #
5 -Amino-2 :5 -d ibrom opyrid ine (LXVIII ) . — 2 :5 -Dibromo- 3 -  
n i t r o p y r id in e  (2 g . ) ,  g l a c i a l  a c e t i c  a c id  (12 c . c . )  and 
ir o n  f i l i n g s  (2 g . )  were h ea ted  a t  100°  f o r  2 h o u r s ,  
w ater  (15 c . c . )  was added and the m ixture p a r t i a l l y  
n e u t r a l i s e d  by the a d d i t io n  o f  a s o l u t i o n  o f  sodium  
hydroxide (4 g . )  i n  w ater  (10 c . c . )  w ith  c o o l i n g .  The
s o l i d  m a te r ia l  was c o l l e c t e d ,  d r ie d  and c r y s t a l l i s e d  from
acetone  ( c h a r c o a l ) -w a te r  to  g iv e  5 -am ino- 2 : 5 -dibrom o- 
p y r id in e  ( 1 . 5  g . )  as  n e e d l e s ,  m . p . 1 5 3 0 .
Pound: 0 , 2 4 . 2 ;  H ,1 .3 $
C5H4N2Br2 r e q u ir e s :  0 , 2 3 . 8 ;  H, 1 . 6 $
2 : 5 -Dibromo- 5 -p y r id o l  (LXIX). — 3-A m in o-2 :5 -d ib rom op yrid in e  
( 1 . 26  g . ) was added to  a s o l u t i o n  o f  sodium n i t r i t e  
( 0 . 35  g . )  in  su lp h u r ic  a c id  (8  c . c . ;  d , 1 . 8 4 )  a t  2 0 ° ,  
shaken f o r  30 m inutes and d i lu t e d  w ith  w a ter  (25 c . c . )  
w ith  c o o l in g .  The s o l u t i o n  was h e a te d  g r a d u a l ly  to  100°  
u n t i l  no more n i t r o g e n  was e v o lv e d ,  c o o le d  and p a r t i a l l y
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n e u t r a l i s e d  by the a d d i t io n  o f  a s o l u t i o n  o f  sodium  
hydroxide (11 g . )  i n  w a ter  (20  c . c . )  w i th  c o o l i n g .  The 
s o l i d  was c o l l e c t e d ,  d r ie d  and e x t r a c t e d  w ith  a c e to n e ,  
the r e s id u e  on e v a p o r a t io n  o f  the e x t r a c t  b e in g  
c r y s t a l l i s e d  from aqueous m ethanol ( c h a r c o a l)  to  g iv e  
2 : 5 -dibrom o- 5 - p y r id o l  ( 0 . 6  g . )  as n e e d l e s ,  m .p .1 9 5 - 1 9 7 0 .
Pound: 0 , 2 4 . 1 }  H , 1 . 2 $
C5H3ONBrs r e q u ir e s :  0 , 2 3 . 7 }  H ,1 .2 $
3 -Amino- 5 -bromo- 2 -c h io r o p y r id in e  ( L I ) . — 3 -Amino- 2 : 5 -  
dibrom opyridine ( 0 . 5  g . ) was r e f lu x e d  w ith  c o n c e n tr a te d  
h y d ro c h lo r ic  a c id  (10 c . c . )  f o r  2 h o u r s ,  evap o ra ted  and 
the r e s id u e  c r y s t a l l i s e d  from w a ter  (c h a r c o a l)  to  g iv e  
3 -am ino- 5 -bromo- 2 -c h io r o p y r id in e  ( 0 . 15  g . )  as  n e e d l e s ,  
m .p .1 3 1 0 , a lone  or mixed w ith  a specim en prepared  from  
5 -bromo- 2 - c h lo r o - 3 - n i t r o p y r i d i n e .
5 -Bromo- 3 - n i t r o - 2 -p y r id p i  (XLVII) . — 2 :5-Dibrom o- 3 -  
n i t r o p y r id in e  (1 g . ) ,  c o n c e n tr a te d  h y d r o c h lo r ic  a c id  
(10 c . c . )  and g l a c i a l  a c e t i c  a c id  (10  c . c . )  were r e f lu x e d  
f o r  3 h o u rs ,  evap orated  and the r e s id u e  c r y s t a l l i s e d  
from e t h y l  a c e ta te  to  g iv e  5 -b r o m o -3 -n itr o - 2 - p y r id o l  
( 0 . 5  g . )  as p a le  y e l lo w  n e e d l e s ,  m .p .2 4 2 °  ( de comp. ) ,  
alone or mixed w ith  a specim en prepared from 2 -am ino- 5 -  
bromo- 3 - n i t r o p y r id in e .
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Pound: 0 , 2 7 . 6 }  H , 1 . 2 #
C alc , f o r  C5H30 3Ns Br: 0 , 2 7 . 4 }  H , 1 . 4 %
5 - C hloro- 5 - n i t r o - 2 - p y r id o l  (LXV) .— 2 -Bromo- 5 - c h l o r o - 3 -  
n i t r o p y r id in e  ( 0 . 2 5  g . )  was r e f lu x e d  w ith  c o n c e n tr a te d  
h y d r o c h lo r ic  a c id  ( 2 . 5  c . c . )  and g l a c i a l  a c e t i c  a c id  
( 2 . 5  c . c . )  f o r  3 h o u rs .  The r e s id u e  o b ta in e d  on 
e v a p o r a t io n  was c r y s t a l l i s e d  from e th a n o i  to  g iv e  5 -  
c h l o r o - 3 - n i t r o - 2 - p y r id o l  ( 0 . 1  g . )  as  y e l lo w  p r ism s ,  m. p.  
2 35° ,  a lone or mixed w ith  a specim en prepared  from 2 -  
amino- 5 - c h lo r o - 3 - n i t r o p y r i d i n e .
2 : 5 - P ic h io r o - 3 - n i t r o p y r id in e  (LXXI) . — (a) 5 -C h lo r o - 3 -  
n i t r o - 2 -p y r id o l  ( 0 . 87  g . ) ,  phosphorus p e n ta c h lo r id e  
( 2 . 0  g . )  and phosphoryl c h lo r id e  ( 1 . 5  c . c . )  were h e a te d  
a t  100° f o r  2 h o u rs ,  decomposed w ith  m ethanol (10  c . c . ) ,  
c o o le d  to  below 0° and w ater  (40 c . c . )  added s lo w ly  w ith  
sh ak in g . The r e s id u e  was c o l l e c t e d ,  d r ie d ,  e x t r a c t e d  
w ith  l i g h t  petro leum  (50 c . c . j  6 0 -8 0 ° )  and the e x t r a c t  
evap ora ted . The r e s id u e  was c r y s t a l l i s e d  from  e th a n o l  
( charcoa l)j-w ater  to  g iv e  2 :5 - d i c h l o r o - 3 - n i t r o p y r id in e  
( 0 . 5  g . )  a s  p r ism s, m . p . 4 3° .
Pound: N ,1 4 .6 $
C6HS0SN2C1S r e q u ir e s :  IT, 1 4 .5 $
(b) 2-Amino-5-chioro-3-nitropyridine (1.74 g.) was shaken
with concentrated hydrochloric acid (20 c.c.) and cooled
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i n  i c e  and s a l t .  A s o l u t i o n  o f  sodium n i t r i t e  ( 1 . 5  g . )  
i n  w ater  (4 c . c . )  was added dropwise w i t h  good sh a k in g  
and the m ixture shaken f o r  a f u r t h e r  hour. The s o l u t i o n  
was a lm ost n e u t r a l i s e d  by the a d d i t io n  o f  aqueous sodium  
hydroxide (30$) dropwise and w ith  c o o l in g  and the  p r e ­
c i p i t a t e  c o l l e c t e d ,  d r ie d  and c r y s t a l l i s e d  from e th a n o l  
( c h a r c o a l ) -w ater  to  g iv e  2 : 5 - d i c h l o r o - 3 - n i t r o p y r id in e  
( 1 . 3  g . )  as p r ism s, m. p . 4 3 ° ,  a lon e  or mixed w ith  a 
specim en (a) .
3 -Amino- 2 : 5 -d ic h lo r o p y r id in e  (LXX) . — (a) 2 S 5 -D ic h lo r o -
3 -n i t r o p y r id in e  ( 1 . 3 5  g . ) ,  g l a c i a l  a c e t i c  a c id  (12 c . c . )  
and ir o n  f i l i n g s  ( 2 . 0  g . )  were h e a te d  a t  1 00°  f o r  2 h o u r s ,  
d i lu t e d  w ith  w ater  (15 c . c . )  and p a r t i a l l y  n e u t r a l i s e d  
by the a d d it io n  o f  sodium hydroxide (4 g . ) i n  w ater  
(10 c . c . )  w ith  c o o l i n g .  The mesidue was c o l l e c t e d ,  
d r ied  and c r y s t a l l i s e d  from aceton e  ( c h a r c o a l ) -w a t e r  to  
g iv e  3 -amino- 2 : 5 -d ic h lo r o p y r id in e  ( 1 . 0  g . )  a s  lo n g  n e e d l e s ,  
m. p . 128° .
Found: N ,1 7 .0 $
C5H4N2C12 r e q u ir e s :  N ,1 7 .2 $
(b) 3 -Amino- 2 -bromo- 5 -c h io r o p y r id in e  ( 0 . 5  g . )  was
r e f lu x e d  w ith  c o n c en tr a ted  h y d r o c h lo r ic  a c id  (10  c . c . )  
f o r  two h ou rs . The r e s id u e  o b ta in ed  on e v a p o r a t io n  was 
c r y s t a l l i s e d  from a c e to n e -w a te r  to  g iv e  3 -a m in o -2 :5 -  
d ic h lo r o p y r id in e  ( 0 . 2  g . )  as  lo n g  n e e d l e s ,  m . p . l 2 9 ° ,
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alone  or mixed w ith  a specim en ( a ) .
2 -N itram in op yrid in e  (LXXII) • — ( c f .  P h i l l i p s ,  jJ. , 1 9 4 1 , 9 ) .
2 -Aminopyridine (54 g . )  was added s lo w ly  and w ith  c o o l i n g  
to  su lp h u r ic  a c id  (240 c . c . }  d , 1 . 8 4 )  f o l lo w e d  by a  
m ixture o f  n i t r i c  a c id  (39 c . c . }  d , 1 . 4 2 )  and s u lp h u r ic  
a c id  (42 c . c . ;  d , 1 . 8 4 )  added dropwise w ith  s t i r r i n g  below  
20 ° .  A f te r  s t i r r i n g  f o r  a f u r t h e r  hour a t  1 5 °  the  
m ixture was poured onto i c e  (2500 g . )  and the r e s id u e  
c o l l e c t e d ,  d r ied  and c r y s t a l l i s e d  from e th a n o l'  to  g iv e
2 -n itra m in o p y r id in e  (60 g . )  as n e e d l e s ,  m .p .190° (decomp. )  
( P h i l l i p s ,  i b i d . ,  g i v e s  m .p .190° ( de c o mp . ) ) .
2 -Amino- 5 -n i t r o p y r id in e  (LXXIII) and 2 -Amino- 5 - n i t r o  - 
p y r id in e  (LVI) . — ( c f .  P h i l l i p s ,  J . , 1 9 4 1 , 9 ) .  (a)  2 -
ITitraminopyridine (60 g . )  and su lp h u r ic  a c id  (200 c . c . }  
_d,1.84) were h ea ted  g r a d u a l ly  to  100°  and m a in ta in ed  a t  
t h i s  tem perature f o r  30 m in u te s ,  c o o le d ,  poured onto  i c e  
(2000 g . )  and made j u s t  a lk a l in e  w i t h  sodium h yd rox id e  
w ith  c o o l in g .  The s o l i d  was c o l l e c t e d ,  d r ie d  and 
c r y s t a l l i s e d  once from a c e to n e -e th a n o l  to  g iv e  a m ix tu re  
o f  a m in o n itr o p y r id in e s  (48 g . ) .  The m ixture  (10  g . )  
was c r y s t a l l i s e d  from a c e to n e -e th a n o l  to  g iv e  2 -am ino-5 - 
n i tr o p y r id in e  (3 g . )  as y e l lo w  n e e d l e s ,  m .p .1 8 7 -1 8 8 °  
(T s c h i t s c h ib a b in ,  J . R u ss . P h y s . Chem. S o c . , 1 9 1 4 ,4 6 ,1 2 3 6 ,  
g i v e s  m .p .188°) . C on cen tra tio n  o f  the  mother l i q u o r  gave
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a  crop (6 g . )  from mother l iq u o r  A. 3 r e c r y s t a l l i s a t i o n s  
from a c e to n e -e th a n o l  gave a d d i t io n a l  2 -am ino- 5 - n i t r o ­
p y r id in e  (2 g . ) .  The combined m other l i q u o r s  w ith  A, 
on c o n c e n tr a t io n  to  100 c . c .  and c o o l i n g ,  gave 2 -amino -
3 -n i t r o p y r id in e  (2 g . )  as y e l lo w  n e e d l e s ,  m .p .163°  
(T s c h i t s c h ib a b in ,  i b i d . ,  g i v e s  m . p . 1 6 2 ° ) .
(b) 2 -Aminopyridine (54 g . )  was added s lo w ly  and w ith
c o o l in g  to  su lp h u r ic  a c id  (240 c . c . ;  d , 1 . 8 4 )  f o l lo w e d  by 
a m ixture o f  n i t r i c  a c id  (39 c . c . ;  d , 1 . 4 2 )  and su lp h u r ic  
a c id  (42 c . c . ;  d , 1 . 8 4 )  added dropwise w ith  s t i r r i n g  below  
20 ° .  A fte r  s t i r r i n g  f o r  a f u r t h e r  hour a t  15°  the  
m ixture was g r a d u a l ly  h e a ted  to  100°  and m a in ta in ed  a t  
t h i s  temperature f o r  30 m in u te s ,  c o o le d ,  poured onto i c e  
(2000 g . )  and made j u s t  a lk a l in e  w ith  sodium hydroxide  
w ith  c o o l in g .  The s o l i d  was c o l l e c t e d ,  d r ie d  and 
c r y s t a l l i s e d  once from a c e to n e -e th a n o l  to  g iv e  a m ixture  
o f  a m in o n itr o p y r id in e s  (50 g . ) .  The m ixture  (10 g . )  was 
f r a c t i o n a l l y  c r y s t a l l i s e d  a s  b e fo re  to  g iv e  2 -am ino- 3 -  
n it r o p y r id in e  ( 1 . 5  g . )  as y e l lo w  n e e d l e s ,  m . p . 1 6 3 ° ,  a lo n e  
or mixed w ith  a specim en ( a ) ,  and 2 -am ino- 5 - n i t r o p y r id in e  
(6 g . ) as y e l lo w  n e e d l e s ,  m.p.  1 8 7 -1 8 8 ° ,  a lon e  or  mixed  
w ith  a specim en (a) .
3 - N i t r o - 2 -p_yridol (LSXVI) . — ( c f .  T s c h i t s c h ib a b in  and 
By 1 in k in ,  J .R u ss .P h y s .C h em .S o c .,1 9 2 0 ,5 0 ,4 7 1 ) .  To a  c o o le d
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s o l u t i o n  o f  2 -am ino- 3 - n i t r o p y r id in e  ( 1 . 9 5  g . )  i n  w a ter  
(20 c . c . )  and su lp h u r ic  a c id  (3 c . e . j  d , 1 . 8 4 )  was added  
i c e  (20 g . )  f o l lo w e d  hy sodium n i t r i t e  (2 g . )  in  p o r t io n s  
w ith  s t i r r i n g .  A f te r  s t i r r i n g  f o r  a f u r t h e r  30 m in u tes  
a t  0 ° ,  the s o l i d  was c o l l e c t e d ,  d r ie d  and c r y s t a l l i s e d  
from m ethanol to  g iv e  3 - n i t r o - 2 -p y r id o l  ( 0 . 7  g . )  a s  
y e l lo w  n e e d le s ,  m .p .224 -2 2 5 °  (T s c h i t s c h ib a b in  and B y l in k in ,  
i b i d . , g iv e  m . p . 2 2 4 ° ) .  L ig h t  a b s o r p t io n  i n  w ater:
Maxima a t  2580 ( £ = 2600) and 3580A ( £  = 7 3 8 0 ) .
Pound: N , 2 0 . 4 $
C alc , f o r  C5H40 3N2 : N ,2 0 .0 ^
Sodium 3 - n i t r o - 2 - p y r id o la t e  (LXXVII) . — 3 - N i t r o - 2 - p y r id o l  
( 1 . 4  g . )  was d i s s o lv e d  in  h o t  w ater  (10 c . c . )  c o n t a in in g  
sodium hydroxide ( 0 . 5  g . ) .  The s o l i d  which s e p a r a te d  
on c o o l in g  was c o l l e c t e d ,  d r ie d  and c r y s t a l l i s e d  from  
aqueous e th a n o l  to  g iv e  the monohydrate o f  sodium 3 - n i t r o -
2 -p y r id o la te  ( 0 . 9  g . )  as f i n e  y e l lo w  n e e d l e s ,  m .p .340°  
( decomp. ) .  L ig h t  a b s o r p t io n  i n  w ater:  Maxima a t  2580
( t =  2400) and 3 6 0 0 l  ( £ = 6 6 0 0 ) .
Pound: N , 1 5 . 6 $
C5H30{5Ns Na.Hs 0 r e q u ir e s :  N , 1 5 . 6 $
^ -Bromo- 3 -n i t r o p y r id in e  (LXXVIII) 3 - N i t r o - 2 - p y r i d o l  
(14 g . )  was added to  a m ixture o f  phosphorus tr ib ro m id e  
(50 g . )  and bromine (16 g . )  and h e a te d  a t  100°  f o r  5
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hou rs . The r e a c t io n  m ixture  was decomposed w ith  
m ethanol (100 c . c . )  added dropwise w ith  c o o l i n g ,  w a te r  
(300 c . c . )  added and the p r e c i p i t a t e  c o l l e c t e d ,  d r ie d  
and e x tr a c t e d  s e v e r a l  t im es  w ith  b o i l i n g  benzene . The 
r e s id u e  o b ta in ed  on e v a p o r a t io n  o f  the benzene was 
r e f lu x e d  w ith  l i g h t  p etro leum  (2 x 150 c . c . ;  6 0 -8 0 ° )  
and f i l t e r e d  h o t .  The in s o lu b le  r e s id u e  was c r y s t a l l i s e d  
from e th a n o l  ( c h a r c o a l ) -w a te r  to  g iv e  2 -bromo- 5 - n i t r o - 
p y r id in e  (10 g . )  as  p r ism s , m . p . 1 2 5 ° .
Pound: C, 3 0 . 0 ;  H ,1 .7 $
C5H30 2N2Br r e q u ir e s :  0 , 2 9 . 6 ;  H , 1 . 5 fa
On ev a p o ra tio n  o f  the  combined l i g h t  p etro leu m  
e x t r a c t s  a r e s id u e  was o b ta in ed  which was shaken f o r  a 
few seconds w ith  b o i l i n g  l i g h t  p etro leu m  (50 c . c . ;  6 0 -  
80°) and f i l t e r e d  h o t .  The c r y s t a l s  w hich s e p a r a te d  
on c o o l in g  were r e c r y s t a l l i s e d  s e v e r a l  t im e s  from l i g h t  
petroleum  (6 0 -8 0 ° )  to  g iv e  a compound (2 g . )  as  p a le  
y e l lo w  p r ism s, m . p . 80° .
Pound: 0 , 2 3 . 1 ;  H , 1 . 0 ;  N ,1 0 .8 $
The compound (2 g . ) ,  g l a c i a l  a c e t i c  a c id  (12 c . c . )  
and ir o n  f i l i n g s  (2 g . )  were h e a ted  a t  100°  f o r  2 h o u r s ,  
w ater  (15 c . c . )  was added and the m ixture p a r t i a l l y  
n e u t r a l i s e d  by the a d d i t io n  o f  a s o l u t i o n  o f  sodium  
hydroxide (4 g . )  i n  w ater  (10  c . c . )  w i th  c o o l i n g .  The 
s o l i d  m a te r ia l  was c o l l e c t e d  and c r y s t a l l i s e d  from
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acetone  ( c h a r c o a l ) -w a te r  to  g iv e  n e e d le s  ( 1 . 1  g * ) ,  m.p.  
153° ,  a lone  or when mixed w ith  a specim en o f  3 -am ino- 
2 :5 -d ibrom opyrid ine  o b ta in ed  from 2 :5-d ibrom o- 3 - n i t r o ­
p y r id in e  .
The compound (1 g . ) ,  c o n c e n tr a te d  h y d r o c h lo r ic  a c id  
(10 c . c . )  and g l a c i a l  a c e t i c  a c id  (10  c . c . )  were r e f lu x e d  
f o r  3 h ou rs , evaporated  and the  r e s id u e  c r y s t a l l i s e d  from  
w ater  to  g iv e  y e l lo w  n e e d le s  ( 0 . 4  g . ) ,  m . p . 241°  ( de comp. ) ,  
a lon e  or when mixed w ith  a specim en o f  5 -b r o m o -3 -n i t r o - 2 -  
p y r id o l  ob ta in ed  from 2 -am ino- 5 -bromo- 3 - n i t r o p y r i d i n e .
5 -Amino- 2 -brom opyridine (L2XIX) . — 2 -Bromo- 3 - n i t r o p y r id in e  
( 1 . 45  g . ) ,  g l a c i a l  a c e t i c  a c id  (12 c . c . )  and ir o n  f i l i n g s  
( 2 . 0  g . )  were h ea ted  a t  100° f o r  2 h o u rs ,  d i l u t e d  w ith  
w ater  (15 c . c . )  and b a s i f i e d  by the a d d i t io n  o f  30% 
aqueous sodium hydroxide w ith  c o o l i n g .  The m ixture  was
e x tr a c te d  w ith  ch loroform  (50 c . c . ) ,  and the  e x t r a c t  
f i l t e r e d  and ev a p ora ted . C r y s t a l l i s a t i o n  o f  the  r e s id u e  
from m ethanol ( c h a r c o a l ) -w ater  gave 5 -am ino- 2 -brom opyrid ine  
( 0 . 8  g . )  as  n e e d le s ,  m. p . 79 ° .
Pound: C, 34 . 9 ;  H,3.0%
C5H5Ns Br r e q u ir e s :  0 , 3 4 . 7 ;  H,2.9%
3 - N i t r o - 2 -p y r id o l  (LXXVI). — 2 -Bromo- 3 - n i t r o p y r id in e  (1 g . ) 
c o n c en tr a ted  h y d r o c h lo r ic  a c id  (10 c . c . )  and g l a c i a l  
a c e t i c  a c id  (10 c . c . )  were r e f lu x e d  f o r  3 hours and the
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s o l u t i o n  e v a p o ra ted . The r e s id u e  was c r y s t a l l i s e d  from  
methanol to  g iv e  3 - n i t r o - 2 - p y r id o l  ( 0 . 5  g . )  as  p a le  
y e l lo w  n e e d l e s ,  m . p . 2 24° ,  a lon e  or mixed w ith  a specim en  
o b ta in ed  from 2 -am ino- 3 - n i t r o p y r i d i n e .
2 -C h loro - 3 - n i t r o p y r id in e  (LXXXI). — (a)  3 - N i t r o - 2 -p y r id o l  
( 0 . 7  g . ) ,  phosphorus p e n ta c h lo r id e  ( 2 . 0  g . )  and p h osp hory l  
c h lo r id e  ( 1 . 5  c . c . )  were h ea ted  a t  100°  f o r  two h o u r s ,  
decomposed w ith  m ethanol (10  c . c . )  and ev ap ora ted  to  
d ry n ess .  The r e s id u e  was shaken w ith  w a ter  (10 c . c . )  
and the rem aining r e s id u e  c o l l e c t e d ,  d r ie d  and c r y s t a l l i s e d  
from e th a n o l  ( c h a r c o a l ) -w a te r  to  g iv e  2 - c h l o r o - 3 - n i t r o ­
p y r id in e  ( 0 . 2  g . )  as p r ism s, m .p .1 0 1 ° .
(b) ( c f .  T s c h it s c h ib a b in  and B y l in k in ,  J . R u ss . P h y s . Chem. 
S o c . , 1 9 2 0 , 5 0 , 4 7 1 ) .  2 -Amino- 3 - n i t r o p y r id in e  ( 1 . 3 9  g . )
was shaken w ith  c o n c e n tr a te d  h y d r o c h lo r ic  a c id  (20 c . c . )  
and c o o le d  in  i c e  and s a l t .  A s o l u t i o n  o f  sodium n i t r i t e  
( 1 . 5  g . )  in  w ater  (4 c . c . )  was added dropwise w ith  good  
shaking and the m ixture shaken f o r  a f u r t h e r  hou r. The 
s o l u t i o n  was a lm ost n e u t r a l i s e d  by the a d d i t io n  o f  30% 
aqueous sodium hydroxide dropwise and w ith  c o o l i n g  and 
the p r e c i p i t a t e  c o l l e c t e d ,  d r ied  and c r y s t a l l i s e d  from  
e th a n o l  ( c h a r c o a l ) -w a te r  to  g iv e  2 - c h l o r o - 3 - n i t r o p y r id in e  
( 0 . 7 8  g . ) as p r ism s, m .p .1 0 1 ° ,  a lon e  or  mixed w ith  a 
specimen (a) (T s c h i t s c h ib a b in  and B y l in k in ,  i b i d . ,  g iv e
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n e e d le s ,  m .p .1 0 1 -1 0 2 0 , from w a t e r ) .
3 -Amino -2 - c h i  o rop yr i dine (LXXX).— (a)  ( c f .  S eh ick h ,
Binz and S ch u lz , B e r . , 1 9 3 6 , 6 9 , 2 5 9 3 ) .  2 - C h lo r o - 3 - n i t r o -
p y r id in e  ( 1 . 1  g » ) ,  g l a c i a l  a c e t i c  a c id  (12 c . c . )  and 
i r o n  f i l i n g s  ( 2 . 0  g . )  were h ea ted  a t  100°  f o r  2 h o u rs ,  
d i lu t e d  w ith  w ater  (15 c . c . )  and b a s i f i e d  by the a d d i t io n  
o f  30% aqueous sodium hydroxide w ith  c o o l i n g .  The 
r e s id u e  was f i l t e r e d  and c r y s t a l l i s e d  from a ce to n e  
( c h a r c o a l ) -w a te r  to  g iv e  3 -a m in o -2 -c h lo r o p y r id in e  ( 0 . 1  g . )  
a s  p l a t e s ,  m. p . 7 9 - 8 0 °  (S ch ick h , Binz and S c h u lz ,  i b i d . , 
g iv e  c r y s t a l s ,  m . p . 80° ,  from be nz e ne ) .
(b) 3 -Amino- 2 -brom opyridine (1 g . )  and c o n c e n tr a te d
h y d ro c h lo r ic  a c id  (10 c . c . )  were r e f lu x e d  f o r  3 hours and 
the s o lu t io n  ev a p o ra ted . The r e s id u e  Was d i s s o l v e d  in  
the minimum o f  w ater  and b a s i f i e d  by the a d d i t io n  o f  30% 
aqueous sodium hydroxide w ith  c o o l i n g .  The s o l i d  m a t e r ia l  
was c o l l e c t e d ,  d r ied  and c r y s t a l l i s e d  from a ceto n e  
( c h a r c o a l) -w a te r  to  g iv e  3 -am ino- 2 -c h io r o p y r id in e  ( 0 . 5  g . )  
as p l a t e s ,  m. p . 7 8 ° ,  a lone  or when mixed w ith  a specim en (a)
3 -Amino -5 - b r o m o p ic o l in o n i t r i le  (LXXXIII) . — An in t im a te  
m ixture o f  3 -am ino- 2 :5-d ibrom opyrid ine  ( 2 . 5 2  g . )  and 
cuprous cyanide ( 1 . 8  g . )  was h ea ted  on a m e ta l-b a th  i n  a 
f l a s k  f i t t e d  w ith  an a i r - c o o le d  r e f l u x  con d en ser  p lu gged  
a t  the top w ith  c o t to n -w o o l .  R ea ct io n  took  p la c e  a t  180°
-  96 -
a 'vacuum was a p p l ie d  and the h e a t  source  removed a f t e r  
15 seco n d s .  On c o o l i n g ,  the vacuum was r e l e a s e d  and 
the c o t to n -w o o l ,  apparatus and r e s id u e  th o ro u g h ly  washed  
w ith  a c e to n e .  The r e s id u e  o b ta in ed  on e v a p o r a t io n  o f  
the w ashings was c r y s t a l l i s e d  from benzene to  g iv e  3 -  
arnino- 5 - b r o m p ic o l in o n i t r i l e  ( 0 . 5  g . )  a s  n e e d l e s ,  m . p . 175°
Pound: N,21.3%
C©H4N3Br r e q u ir e s :  N,21.2%
3 -Amino- 5 -brom opicolinam ide (LXXXIV) . — (a) 3 -Amino- 5 -  
b r o m o p ic o l in o n i t r i le  ( 0 . 0 5 ‘ g . )  and su lp h u r ic  a c id  
( 0 . 1  c . c . ;  d , 1 . 8 4 )  were h e a ted  a t  100° f o r  2 h o u rs .
Water ( 0 . 5  c . c . )  was added and the  s o l u t i o n  b a s i f i e d  by 
the a d d it io n  o f  30% aqueous sodium hydroxide  w ith  c o o l i n g  
The r es id u e  was c o l l e c t e d ,  d r ied  and e x t r a c t e d  w ith  
a c e to n e ,  the e x t r a c t  b e in g  eva p o ra ted  to  d ryn ess  and the  
r es id u e  c r y s t a l l i s e d  from w a ter  to  g iv e  3 -am ino- 5 -bromo-  
p ico lin a m id e  (0 .0 1  g . )  -as n e e d l e s ,  m .p .1 6 8 ° .
Pound: N,19.0%
C6H60N3Br r e q u ir e s :  N,19.4%
The a ceton e  in s o lu b le  p o r t io n  c o n s i s t e d  o f  th e  
dih ydrate  o f  the sodium s a l t  o f  5 -bromo- 3 - h y d r o x y p ic o l in ­
amide ( 0 . 0 3  g . )  as a m ic r o c r y s t a l l i h e  powder, m . p . >  3 0 0 ° .
Pound: C, 2 5 . 6 ;  H,2.5%
C6H40s Ns BrNa.2Hs 0 r e q u ir e s :  0 , 2 6 . 2 ;  H,2.9%
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(b) 5 -Bromo- 3 -n i tr o p ic o l in a m id e  ( 1 . 75  g . ) ,  g l a c i a l
*
a c e t i c  a c id  (12 c . c . )  and ir o n  f i l i n g s  (2 g . )  were h ea ted  
a t  100° f o r  2 h o u rs , d i lu t e d  w ith  w ater  (15 c . c . )  and 
p a r t i a l l y  n e u t r a l i s e d  by the a d d it io n  o f  a s o l u t i o n  o f  
sodium hydroxide (4 g . )  i n  w ater  (10 c . c . )  w ith  c o o l in g .  
The r e s id u e  was c o l l e c t e d ,  d r ied  and e x tr a c te d  w ith  
a c e to n e .  The r e s id u e  o b ta in ed  on e v a p o ra tio n  was 
c r y s t a l l i s e d  from b e n z e n e - l ig h t  petro leum  ( 40- 60° )  to  
g iv e  3 -am ino- 5 -brom opicolinam ide ( 1 . 1  g . )  as n e e d le s ,  
m . p . 1 6 8 ° ,  a lone  or when mixed w ith  a specimen ( a ) .
R ea ctio n  o f  5 -Amino- 5 -b r o m o p ic o l in o n i tr i le  w ith  Cuprous 
C yanide. — (a) An in t im a te  m ixture o f  3 -amino- 5 -bromo-  
p i c o l i n o n i t r i l e  (1 g . )  and cuprous cyanide ( 0 . 9  g . )  was 
h e a ted  on a m e ta l-b a th  in  a f l a s k  f i t t e d  w ith  an a i r -  
c o o le d  r e f l u x  condenser  plugged a t  the top w ith  c o t t o n ­
w o o l.  The tem perature was m ain ta ined  a t  250° f o r  5 
m inu tes  and on c o o l in g ,  the r e s id u e  was thorough ly  
e x tr a c te d  w ith  aceton e  and the e x t r a c t  eva p o ra ted . The 
r e s id u e  so o b ta in ed  was c r y s t a l l i s e d  from benzene to  g iv e  
n e e d le s  ( 0 . 5  g . ) ,  m. p . 17 5° ,  a lone  or mixed w ith  a u th e n t ic
3 -a m in o - 5 - b r o m o p ic o l in o n i t r i le . No c r y s t a l l i n e  m a te r ia l  
was ob ta in ed  from the mother l iq u o r s .
(b) 3 -Amino- 5 -b r o m o p ic o l in o n i tr i le  (1 g . ) ,  cuprous  
cyanide  ( 0 . 9  g . )  and q u in o l in e  (10 c . c . )  were r e f lu x e d  
f o r  one hour, c o o le d ,  f i l t e r e d  and the  r e s id u e  e x tr a c t e d
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w ith  e th e r  (2 x  10 c . c . ) .  The combined f i l t r a t e  and 
e x t r a c t s  were shaken w ith  w ater  (25 c . c . )  c o n ta in in g  
j u s t  enough h y d ro c h lo r ic  a c id  to  e x t r a c t  the q u in o l in e  
from the e th e r  l a y e r .  E vaporation  o f  the e th e r  la y e r  
gave a r e s id u e  ( 0 . 05  g . )  from which no c r y s t a l l i n e  
m a te r ia l  was o b ta in ed .
5 -C h lo ro - 5 - n i t r o p i c o l i n o n i t r i l e  (LXXXYI). — An in t im a te  
m ixture o f  2 -bromo- 5 - c h lo r o - 3 -n i t r o p y r id in e  ( 1 . 2  g . )  
and cuprous cyan ide ( 0 . 9  g . )  was h ea ted  on a m eta l-b a th  
i n  a f l a s k  f i t t e d  w ith  an a i r - c o o le d  r e f lu x  condenser  
plugged  a t  the top w ith  c o t to n -w o o l .  R eactio n  took  
p la c e  a t  2 1 0 ° ,  a vacuum was a p p lie d  and the h e a t  source  
removed a f t e r  15 seco n d s . On c o o l in g ,  the vacuum was 
r e l e a s e d  and the c o t to n -w o o l ,  apparatus and r es id u e  
th o rou gh ly  washed w ith  a c e to n e .  The r e s id u e  o b ta in ed  
on e v a p o r a tio n  o f  the washings was c r y s t a l l i s e d  from  
b e n z e n e - l ig h t  petro leum  (6 0 -8 0 °)  to  g iv e  5 - c h lo r o - 3 -  
n i t r o p i c o l i n o n i t r i l e  ( 0 . 3  g . )  as  n e e d le s ,  m. p . 98° .
Pound• C,39 *6; H,0»9 j N,23» 0% 
C6H202N3C1 r e q u ir e s :  0 , 3 9 . 3 }  H , l . l }  N,22.9%
3 -Amino- 5 - c h l o r o p i c o l i n o n i t r i l e  (LXXXVII). — An in t im a te  
m ixture o f  3 -am ino- 2 -bromo- 5 -c h io r o p y r id in e  ( 2 . 0  g . )  and 
cuprous cyanide ( 2 . 0  g . )  was heated  on a m e ta l-b a th  in  
a f l a s k  f i t t e d  w ith  an a i r - c o o le d  r e f lu x  condenser
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plu gged  a t  the top w ith  c o t to n -w o o l .  R eaction  took  
p la c e  a t  1 7 0 ° ,  a vacuum was a p p lie d  and the h e a t  source  
removed a f t e r  15 se co n d s .  On c o o l in g  the vacuum was 
r e le a s e d  and the c o t to n -w o o l ,  apparatus and r es id u e  
washed th orough ly  w ith  a c e to n e .  The r e s id u e  ob ta in ed  
on ev a p o r a t io n  o f  the washings was c r y s t a l l i s e d  from  
benzene to  g iv e  5 -am ino- 5 - c h l o r o p i c o l i n o n i t r i l e  ( 0 . 3  g . )  
as n e e d le s ,  m . p . l 7 5 ° .
Pound: 0 , 4 7 . 0 ;  H, 2 . 4 $
C6H4N3C1 r e q u ir e s :  0 , 4 6 . 9 ;  H, 2 . 6 $
5 -C h lo ro - 3 -n i tr o p ic o l in a m id e  (LXXXVIII). — 5 -C h lo r o -3 -  
n i t r o p i c o l i n o n i t r i l e  ( 0 . 25  g . )  and su lp h u r ic  a c id  
( 0 . 5  c . c . ;  d , 1 . 8 4 )  were heated  a t  100° f o r  2 h ou rs ,  
w ater  (5 c . c . )  was added w ith  c o o l in g  and the p r e c i p i t a t e  
c o l l e c t e d ,  d r ied  and c r y s t a l l i s e d  from a c e to n e -w a te r  to  
g iv e  5 - c h lo r o - 3 -n itr o p ic o l in a m id e  ( 0 . 15  g . )  as n e e d le s ,  
m. p . 2 3 0 ° .
Pound: 0 , 3 5 . 5 ;  H, 2 . 0 ;  N , 2 0 . 7 $
C6H40 3N3C1 r e q u ir e s :  0 , 3 5 . 7 ;  H, 2 . 0 ;  N , 2 0 . 8 $
3 -Amino- 5 -ch lo r o p ic o l in a m id e  (LXXXIX). — (a) 3 -Amino- 5 -  
c h l o r o p i c o l i n o n i t r i l e  ( 0 . 04  g . )  and su lp h u r ic  a c id  
( 0 . 0 8  c . c . ;  d , 1 . 8 4 )  were h ea ted  a t  100° f o r  2 h ou rs .
Water ( 0 . 4  c . c . )  was added and the s o l u t i o n  b a s i f i e d  by 
the a d d i t io n  o f  30$ aqueous sodium hydroxide w ith  c o o l in g .
- 1 0 0  -
The r e s id u e  was c o l l e c t e d ,  d r ied  and e x tr a c te d  w ith  
a c e to n e ,  the e x t r a c t  be in g  evaporated  to  dryness and 
the r e s id u e  c r y s t a l l i s e d  from w ater  to  g iv e  3 - amino- 5 -  
c h lo r o p ic o l in a m id e  (0 .0 0 5  g . )  as n e e d le s ,  m. p . 1 6 8 0 .
Pound: C, 41.8J H, 3 . 5 ;  N , 2 4 . 4 $
C6H60F3C1 requires: 0 , 4 2 . 0 ;  H, 3 . 5 ;  N , 2 4 . 5 $
The aceton e  in s o lu b le  p o r t io n  c o n s i s t e d  o f  the  
d ih ydrate  o f  the sodium s a l t  o f  5 -c h lo r o -3 -h y d r o x y -  
p ic o lin a m id e  ( 0 . 0 3  g . )  as a m ic r o c r y s t a l l in e  powder, 
m.p.  3 0 0 ° .
Pound: 0 , 3 1 . 0 ;  H , 3 . 7 ;  N ,1 1 .8 ;  0 1 ,1 5 .6 $
C6H402N2ClNa.2H20
r e q u ir e s :  0 , 3 1 . 2 ;  H, 3 . 5 ;  N , 1 2 . 2 ;  0 1 ,1 5 .4 $
(b) 5 -C h ioro - 3 -n itr o p ic o l in a m id e  ( 1 . 4  g . ) ,  g l a c i a l  
a c e t i c  a c id  (12 c . c . )  and ir o n  f i l i n g s  ( 2 . 0  g . )  were 
h ea ted  a t  100° f o r  2 hou rs , d i lu t e d  w ith  w ater  (15 c . c . )  
and p a r t i a l l y  n e u t r a l i s e d  by the a d d it io n  of sodium  
hydroxide (4 g . )  in  w ater  (10 c . c . )  w ith  c o o l in g .  The 
r e s id u e  was c o l l e c t e d ,  d r ied  and c r y s t a l l i s e d  from  
aceton e  (c h a r c o a l ) -w a te r  to  g iv e  3-am ino- 5 - c h l o r o p i c o l i n ­
amide ( 0 . 8  g . )  as n e e d le s ,  m. p . 16 8 ° ,  a lone or mixed w ith  
a specim en ( a ) .
R ea ct io n  o f  5 -C h lo ro - 3 - n i t r o p i c o l i n o n i t r i l e  w ith  Cuprous 
C yanide. — (a) An in t im a te  m ixture o f  5 - c h l o r o - 3 - n i t r o -
-  1 0 1  -
p i c n l i n Q n i t r i l a  (0,-9 g . . ) and cuprous cyanide  ( 0 . 9  g . ) 
was heate.d on a. m e ta l-b a th  in  a f l a s k  f i t t e d  w ith  an 
a i r - c o a l e d  r e f l u x  condenser  plugged a t  the top w i t h  
no f t  on-wool.. The tem perature was m ain ta ined  a t  250°
f o r  S' m in u tes  and on c o o l in g ,  the  r e s id u e  was- thorou gh ly  
e x tr a c t e d  w ith  acetone  and the e x t r a c t  evap ora ted . The 
r e s id u e  so o b ta in ed  was c r y s t a l l i s e d  from b e n z e n e - l ig h t  
petro leum  (6 0 -8 0 ° )  to  g iv e  n e e d le s  ( 0 . 3  g . ) ,  m. p . 98° ,  
alon e  or mixed w ith  a u th e n t ic  5 - e h l o r o - 3 - n i t r o p i c o l i n o ~  
n i t r i l e . No c r y s t a l l i n e  m a te r ia l  was ob ta in ed  from the  
mother l i q u o r s .
( b i  5 - C h l o r o - 3 - n i t r o p i c o l i n o n i t r i l e  ( 0 . 9  g . ) ,  cuprous  
cyanide  ( 0 . 9  g . )  and q u in o lin e  (10 c . c . )  were r e f lu x e d  
f o r i  hour, c o o le d ,  f i l t e r e d  and the r e s id u e  e x tr a c te d  
w i t h  e th e r  (-2 x 10 c . c . ) .  The combined f i l t r a t e  and 
e x t r a c t s  were shaken w ith  w ater  (25 c . c . )  c o n ta in in g  
j u s t  enough h y d ro c h lo r ic  a c id  to  e x t r a c t  the q u in o l in e  
from the e th e r  l a y e r .  E vaporation  o f  the e th e r  la y e r  
gave a -r e s id u e  ( 0 . 1  g . )  from which no c r y s t a l l i n e  m a te r ia l  
was o b ta in ed .
R eaction  o f  5 -Amino- 5 - c h l o r o p i c o l i n o n i t r i l e  w ith  Cuprous
plCHOlinonitrile ( 0 . 8  g . )  and cuprous cyanide  ( 0 . 9  g . )  
wasp h ea ted  on a m eta l-b a th  in  a f l a s k  f i t t e d  w ith  an a i r -
(a) An in t im a te  mixture o f  3 -am ino-5 - c h io r o -
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c o o l e d  r e f l u x  c o n d e n s e r  p l u g g e d  a t  t h e  t o p  w i t h  c o t t o n ­
w o o l .  The t e m p e r a t u r e  was m a i n t a i n e d  a t  2 5 0 °  f o r  5 
m i n u t e s  an d  on c o o l i n g ,  t h e  r e s i d u e  was e x t r a c t e d  w i t h  
a c e t o n e  an d  t h e  e x t r a c t  e v a p o r a t e d .  The r e s i d u e  so 
o b t a i n e d  was c r y s t a l l i s e d  f ro m  b e n ze n e  t o  g i v e  n e e d l e s  
( 0 . 5  g . ) ,  m . p . 1 7 5 ° ,  a l o n e  o r  m ixed  w i t h  a u t h e n t i c  3 -  
a m i n o - 5 - c h l o r o p i c o l i n o n i t r i l e . No c r y s t a l l i n e  m a t e r i a l  
was  o b t a i n e d  f r o m  t h e  m o t h e r  l i q u o r s .
(b )  3 -A m ino- 5 - c h l o r o p i c o l i n o n i t r i l e  ( 0 . 8  g . ) ,  c u p r o u s  
c y a n i d e  ( 0 . 9  g . )  and  q u i n o l i n e  (10 c . c . )  were  r e f l u x e d  
f o r  1 h o u r ,  c o o l e d ,  f i l t e r e d  and  t h e  r e s i d u e  e x t r a c t e d  
w i t h  e t h e r  (2 x  10 c . c . ) .  The com bined  f i l t r a t e  and  
e x t r a c t s  w ere  s h a k e n  w i t h  w a t e r  (25 c . c . )  c o n t a i n i n g  
j u s t  e n o u g h  h y d r o c h l o r i c  a c i d  t o  e x t r a c t  t h e  q u i n o l i n e  
f r o m  t h e  e t h e r  l a y e r .  E v a p o r a t i o n  o f  t h e  e t h e r  l a y e r  
g a v e  a  r e s i d u e  ( 0 .0 5  g . )  f ro m  w h ic h  no c r y s t a l l i n e  
m a t e r i a l  was o b t a i n e d .
3 - N i t r o p i c o l i n o n i t r i l e  ( X C I ) . — An i n t i m a t e  m i x t u r e  o f
2 - b r o m o - 3 - n i t r o p y r i d i n e  ( 0 .7 5  g . )  and  c u p r o u s  c y a n i d e  
( 0 . 7  g . )  was h e a t e d  on a  m e t a l - b a t h  i n  a  f l a s k  f i t t e d  
w i t h  a n  a i r - c o o l e d  r e f l u x  c o n d e n s e r  p l u g g e d  a t  t h e  t o p  
w i t h  c o t t o n - w o o l .  R e a c t i o n  t o o k  p l a c e  a t  1 5 0 ° ,  a  
vacuum was a p p l i e d  and  t h e  h e a t  s o u r c e  removed a f t e r  15 
s e c o n d s .  On c o o l i n g ,  t h e  vacuum was r e l e a s e d  an d  t h e
- 103 -
c o t t o n - w o o l , a p p a r a t u s  and  r e s i d u e  t h o r o u g h l y  w ash ed  
w i t h  a c e t o n e .  The r e s i d u e  o b t a i n e d  on e v a p o r a t i o n  o f  
t h e  w a s h i n g s  was c r y s t a l l i s e d  f ro m  b e n z e n e - l i g h t  
p e t r o l e u m  ( 6 0 - 8 0 ° )  t o  g i v e  3 - n i t r o p i c o l i n o n i t r i l e  ( 0 . 3  g . )  
a s  p r i s m s ,  m . p . 7 8 ° .
Round:  0 , 4 7 . 9 ;  H , 2 . 3 $
CQH3 0 2 N3  r e q u i r e s :  0 , 4 8 . 3 ;  H , 2 . 0 $
3 - A m i n o p i c o l i n o n i t r i l e  ( X C I I ) . — An i n t i m a t e  m i x t u r e  o f
3 - a m i n o - 2 - b r o m o p y r i d i n e  ( 1 . 7 3  g . )  and  c u p r o u s  c y a n i d e  
( 1 . 8  g . )  was  h e a t e d  on a  m e t a l - b a t h  i n  a  f l a s k  f i t t e d  
w i t h  an  a i r - c o o l e d  r e f l u x  c o n d e n s e r  p l u g g e d  a t  t h e  t o p  
w i t h  c o t t o n - w o o l .  R e a c t i o n  t o o k  p l a c e  a t  1 6 0 ° ,  a  
vacuum was  a p p l i e d  and  t h e  h e a t  s o u r c e  removed a f t e r  15 
s e c o n d s .  On c o o l i n g ,  t h e  vacuum was  r e l e a s e d  and  t h e  
c o t t o n - w o o l ,  a p p a r a t u s  and  r e s i d u e  t h o r o u g h l y  w ash ed  
w i t h  a c e t o n e .  The r e s i d u e  o b t a i n e d  on e v a p o r a t i o n  o f  
t h e  w a s h i n g s  was  c r y s t a l l i s e d  f ro m  b e n z e n e  t o  g i v e  3 -  
a m i n o p i c o l i n o n i t r i l e  ( 0 . 3  g . )  a s  n e e d l e s ,  m . p . 1 4 7 ° .  The 
p r o d u c t  was f u r t h e r  p u r i f i e d  by s u b l i m a t i o n  a t  8 0 ° / l 0 “4mm. 
t o  g i v e  a  s u b l i m a t e ,  m . p . l 4 9 ° .
Round: 0 , 6 0 . 4 ;  H , 4 . 5 $
C6 H5 N3  r e q u i r e s :  0 , 6 0 . 5 ;  H , 4 . 2 $
3 - N i t r o p i c o l i n a m i d e  ( X C I I I ) . — 3 - N i t r o p i c o l i n o n i t r i l e
( 0 . 1  g . )  and  s u l p h u r i c  a c i d  ( 0 . 2  c . c . ;  d , 1 . 8 4 )  w ere  h e a t e d
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a t  1 0 0 °  f o r  2  h o u r s .  W ate r  ( 2  c . c . )  was a d d ed  w i t h  
c o o l i n g  and  t h e  p r e c i p i t a t e  was c o l l e c t e d ,  d r i e d  and  
c r y s t a l l i s e d  f ro m  a c e t o n e - w a t e r  t o  g i v e  3 - n i t r o p i c o l i n - 
amide ( 0 .0 5  g . )  a s  n e e d l e s ,  m . p . 2 0 9 ° .  The p r o d u c t  was
f u r t h e r  p u r i f i e d  by s u b l i m a t i o n  a t  1 0 0 ° / 1 0 ~5 mm. t o  g i v e  
a  s u b l i m a t e ,  m . p . 2 1 1 ° .
Pound:  C , 4 3 . 5 j  H , 3 . 0 $
C6 H5 0 3 N3  r e q u i r e s :  C , 4 3 . 1 j  H , 3 . 0 $
3 - A m in o p i c o l i n a m i d e  (XCIV). — (a )  3 - A m i n o p i c o l i n o n i t r i l e  
( 0 . 1 2  g . )  an d  s u l p h u r i c  a c i d  ( 0 . 2 4  c . c . ;  d , 1 . 8 4 )  w ere  
h e a t e d  a t  1 0 0 °  f o r  2 h o u r s .  W ate r  (1 c . c . )  was ad d ed  
a n d  t h e  s o l u t i o n  b a s i f i e d  by t h e  a d d i t i o n  o f  30$ a q u e o u s  
so d iu m  h y d r o x i d e  w i t h  c o o l i n g .  The r e s i d u e  was c o l l e c t e d ,  
d r i e d  and  e x t r a c t e d  w i t h  a c e t o n e ,  t h e  e x t r a c t  b e i n g  
e v a p o r a t e d  t o  d r y n e s s  and  t h e  r e s i d u e  c r y s t a l l i s e d  f ro m  
w a t e r  t o  g i v e  3 - a m in o p i  c o l i n a m i  de ( 0 . 0 1  g . )  a s  n e e d l e s ,  
m . p . l 7 5 ° .  The p r o d u c t  was f u r t h e r  p u r i f i e d  by s u b l i m a t i o n  
a t  1 0 0 ° / l 0 “5 mm. t o  g i v e  a  s u b l i m a t e ,  m . p . 1 7 5 - 1 7 7 0 .
Pound :  C , 5 2 . 0 ;  H , 5 . 0 $
C6 H7 0N3  r e q u i r e s :  0 , 5 2 . 5 ;  H , 5 . 1 $
The a c e t o n e  i n s o l u b l e  p o r t i o n  c o n s i s t e d  o f  t h e  
d i h y d r a t e  o f  t h e  sod ium  s a l t  o f  3 - h y d r o x y p i c o l i n a m i d e  
( 0 . 0 3  g . )  a s  a  m i c r o c r y s t a l l i n e  p o w d e r ,  m . p . > - 3 0 0 ° .
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P ound:  0 ,36 .2* ,  H , 4 . 2 $
CQH6 0 s Ns Na.2Hs 0 r e q u i r e s :  0 , 3 6 . 7 ;  H , 4 . 6 $
(b)  3 - N i t r o p i c o l i n a m i d e  ( 0 . 0 2  g . ) ,  g l a c i a l  a c e t i c  a c i d  
( 0 . 1 2  c . c . )  a n d  i r o n  f i l i n g s  ( 0 . 0 2  g . )  were  h e a t e d  
t o g e t h e r  a t  1 0 0 °  f o r  2  h o u r s .  On c o o l i n g ,  t h e  m i x t u r e  
was d i l u t e d  w i t h  w a t e r  ( 0 .1 5  c . c . )  and  p a r t i a l l y  n e u t r a l ­
i s e d  by t h e  a d d i t i o n  o f  a  s o l u t i o n  o f  sod ium  h y d r o x i d e  
( 0 . 0 4  g . )  i n  w a t e r  ( 0 . 1 0  c . c . ) ,  c o o l e d  and t h e  s o l i d  
m a t e r i a l  c o l l e c t e d ,  d r i e d  and  e x t r a c t e d  w i t h  a c e t o n e  
(20  c . c . ) .  The r e s i d u e  o b t a i n e d  on e v a p o r a t i o n  was  
c r y s t a l l i s e d  f r o m  w a t e r  t o  g i v e  3 - a m i n o p i c o l i n a m i d e  
( 0 . 0 1  g . )  a s  n e e d l e s ,  m . p . 1 7 4 - 1 7 5 0 , a l o n e  o r  when m ixed  
w i t h  a  s p e c im e n  ( a ) .
2 - P W r id o l  ( X C V I I ) . — ( c f .  T s c h i t s c h i b a b i n  and  S c h a p i r o ,  
J . R u s s . P h y s . Chem. S o c . , 1 9 2 1 , 5 3 , 2 3 5 ) .  2 - A m in o p y r id in e  
(16 g . )  was  d i s s o l v e d  i n  w a t e r  ( 6 8  c . c . )  and  s u l p h u r i c  
a c i d  ( 6 . 5  c . c . ;  d , 1 . 8 4 )  and  sod ium  n i t r i t e  (18  g . )  a d d e d  
s l o w l y  and  w i t h  s t i r r i n g  be low  0 ° .  A f t e r  k e e p i n g  f o r  
one h o u r  a t  1 5 ° ,  t h e  r e a c t i o n  m i x t u r e  was b o i l e d  f o r  15 
m i n u t e s ,  c o o l e d  an d  t a k e n  t o  pH5 w i t h  sod ium  c a r b o n a t e .  
The r e s i d u e  o b t a i n e d  on e v a p o r a t i o n  was e x t r a c t e d  w i t h  
b o i l i n g  c h l o r o f o r m  ( 2  x  1 0 0  c . c . ) ,  t h e  e x t r a c t  e v a p o r a t e d  
a n d  t h e  r e s i d u e  c r y s t a l l i s e d  f ro m  b e n z en e  t o  g i v e  2 -  
p y r i d o l  ( 1 2  g . )  a s  p a l e  y e l l o w  p r i s m s ,  m . p . l 0 6 ° ,  w h ic h
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s u b l i m e d  a t  1 0 0 ° / 1 0  smm. t o  g i v e  a  s u b l i m a t e ,  m . p . 1 0 8 °
( T s c h i t s e h i b a b i n  and S c b a p i r o ,  i b i d . , g i v e  m . p . 1 0 6 -  
1 0 7 ° ) .  L i g b t  a b s o r p t i o n  i n  w a t e r :  Maxima a t  2200
( £ = 7000)  and  2940A ( £ = 5700)  ( S p e c k e r  and  G-awroseh, 
B e r . , 1 9 4 2 , 7 5 , 1 3 4 2 ,  g i v e  l i g b t  a b s o r p t i o n  i n  m e t b a n o l :  
Maxima a t  2270 ( £  = 1 0 ,0 0 0 )  and  297 OA ( £  = 6 3 0 0 ) ) .
Sodium 2 - p y r i d o l a t e  ( XCVI) . — (a)  2 - P y r i d o l  ( 1 . 0  g . )  
was  d i s s o l v e d  i n  b o t  w a t e r  (5 c . c . )  c o n t a i n i n g  sod ium  
h y d r o x i d e  ( 1 . 0  g . ) .  The s o l i d  w b i c b  s e p a r a t e d  on 
c o o l i n g  was  c o l l e c t e d ,  d r i e d  and  c r y s t a l l i s e d  f ro m  
e t b a n o l  t o  g i v e  t b e  m o n o b y d ra te  o f  sod ium  2 - p y r i d o l a t e  
( 0 . 5  g . )  a s  p l a t e s ,  m . p . 3 3 0 ° .  ( T s c h i t s e h i b a b i n  and  
Szokow, B e r . , 1 9 2 5 , 5 6 , 2 6 5 0  c l a i m  t o  bav e  o b t a i n e d  so d iu m  
2 - p y r i d o l a t e  a s  a  . d i h y d r a t e ) .  L i g b t  a b s o r p t i o n  i n
w a t e r :  Maxima a t  2200 ( £  = 5600)  an d  2940A ( £  = 4700)  .
\
Bound: N , 1 0 . 4 %
C5 H4 0 M a . H s 0 :  N , 1 0 . 4 #
(b)  ( e f .  T s c b i t s c b i b a b i n  and  R ja s a n z e w ,  J . R u s s . P h y s . 
Cbem .Soc.  ,1915 ,47 , 1 5 7 1 ) .  2 - A m in o p y r id in e  (94 g . )  was  
d i s s o l v e d  i n  w a t e r  (800  c . c . )  a n d  s u l p h u r i c  a c i d  
(110  c . c . j  d , 1 . 8 4 )  and a  s o l u t i o n  o f  so d iu m  n i t r i t e  
(100  g . )  i n  w a t e r  (250  c . c . )  ad d e d  s l o w l y  b e lo w  t b e  
s u r f a c e  w i t h  s t i r r i n g  b e lo w  5 ° .  A f t e r  s t i r r i n g  f o r  a  
f u r t h e r  h o u r  a t  0 ° t b e  r e a c t i o n  m i x t u r e  was b a s i f i e d  by
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t h e  a d d i t i o n  o f  a  s o l u t i o n  o f  sod ium  h y d r o x i d e  (250 g . ) 
i n  w a t e r  (750  c . c . )  w i t h  c o o l i n g ,  t h e  s o l i d  w h ic h  
s e p a r a t e d  b e i n g  c o l l e c t e d ,  d r i e d  an d  c r y s t a l l i s e d  f r o m  
e t h a n o l  t o  g i v e  t h e  m o n o h y d ra te  o f  sod ium  2 - p y r i d o l a t e  
(59 g . )  a s  p l a t e s ,  m . p . 3 3 0 ° ,  a l o n e  o r  m ix ed  w i t h  a  
s p e c im e n  ( a ) .
M e th y l  c o u m a l a t e  ( X L ) . — ( c f .  Pechmann,  B e r . , 1 8 8 4 , 1 7 ,
9 3 6 ) .  M a l i c  a c i d  (40 g . )  was  a d d ed  s l o w l y  t o  a  m i x t u r e  
o f  s u l p h u r i c  a c i d  (60 g . j  d , 1 . 8 4 ) .  and  o leum  (60 g . j  20^  
f r e e  S0s ) and  h e a t e d  a t  1 0 0 °  f o r  4 h o u r s .  M e th a n o l  
(42 g . )  was a d d e d  an d  t h e  h e a t i n g  c o n t i n u e d  f o r  3 h o u r s .
The s o l u t i o n  was p o u r e d  o n to  i c e  (300 g . ) ,  sod ium  
c a r b o n a t e  was  ad d ed  u n t i l  sod ium  s u l p h a t e  b e g an  t o  p r e ­
c i p i t a t e  a n d  t h e  m i x t u r e  e x t r a c t e d  w i t h  e t h e r  (4 x  
200  c . c . ) .  The e x t r a c t  was d r i e d  (Na 2 S04 ) and  t h e  e t h e r  
e v a p o r a t e d  t o  g i v e  a  r e s i d u e  o f  c r u d e  m e t h y l  c o u m a l a t e  
( 1 3 . 6  g . )  a s  a  y e l l o w  s o l i d ,  m . p . 6 0 - 7 0 °  (Pechmann,  i b i d . , 
g i v e s  m . p . 7 4 ° ) .
6 - H y d r o x y n i c o t i n i c  a c i d  (X X X V II) .— (a )  ( c f .  T s c h i t s e h i b a b i n  
a n d  X i r s s a n o w ,  B e r . , 1 9 2 4 , 5 7 , 1 1 6 1 ) .  Sodium 2 - p y r i d o l a t e  
(29 g . j  ( d r i e d  t o  c o n s t a n t  w e i g h t  a t  1 1 0 °) was h e a t e d  
a t  2 0 0 °  f o r  1 h o u r  i n  c a r b o n  d i o x i d e  a t  2 0 - 3 0  a t m o s p h e r e s ,  
d i s s o l v e d  i n  h o t  w a t e r  ( 1 0 0  c . c . )  and  t h e  s o l u t i o n  
a c i d i f i e d  w i t h  s u l p h u r i c  a c i d  ( 5 0 $ ) .  The s o l i d  w h i c h
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s e p a r a t e d  on s t o r i n g  a t  0 ° f o r  24 h o u r s  was c o l l e c t e d ,  
d r i e d  and  c r y s t a l l i s e d  f r o m  w a t e r  ( c h a r c o a l )  t o  g i v e  
6 - h y d r o x y n i c o t i n i c  a c i d  ( 1 . 5  g . )  a s  a  m i c r o c r y s t a l l i n e  
p o w d e r ,  m . p . 3 0 2 - 3 0 3 °  ' ( d e c o m p . ) .  ( T s c h i t s e h i b a b i n  an d  
K i r s s a n o w ,  i b i d . , g i v e  n e e d l e s ,  m . p . 304°  ( d e c o m p . ) ,  
f r o m  w a t e r ) .
(b)  ( c f .  Pechmann and  W elsh ,  B e r .  , 1 8 8 4 ,1 7  ,2384)  . M e th y l  
c o u m a l a t e  ( 1 2  g . )  w a s . a d d e d  t o  a q u e o u s  ammonia (50 c . c . j  
1 5^)  w i t h  c o o l i n g ,  s h a k e n  f o r  1 0  m i n u t e s  an d  a  s o l u t i o n  
o f  so d iu m  h y d r o x i d e  (15 g . )  i n  w a t e r  (60  c . c . )  a d d e d .
The m i x t u r e  was h e a t e d  t o  b o i l i n g  f o r  10 m i n u t e s ,  c o o l e d  
an d  a c i d i f i e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  w i t h  
c o o l i n g .  The s o l i d  w h ic h  s e p a r a t e d  on s t o r i n g  a t  0° 
f o r  24 h o u r s  was c o l l e c t e d ,  d r i e d  and  c r y s t a l l i s e d  f r o m  
w a t e r  ( c h a r c o a l )  t o  g i v e  6 - h y d r o x y n i c o t i n i c  a c i d  ( 6 . 3  g . )  
a s  a  m i c r o c r y s t a l l i n e  pow der ,  m . p . 302°  ( d e c o m p . ) ,  a l o n e  
o r  m ixed  w i t h  a  sp e c im e n  ( a ) .  (Pechmann and  W elsh ,  i b i d . ,  
g i v e  n e e d l e s ,  m . p . 303°  (decom p .)  f ro m  w a t e r ) .
M e th y l  6 - c h l o r o n i c o t i n a t e  ( X C V I I I ) . — ( c f .  R e i s s e r t ,
B e r . , 1 8 9 5 , £ 8 , 1 1 9 ) .  6 - H y d r o x y n i c o t i n i c  a c i d  ( 3 . 0  g . )  an d
p h o s p h o r y l  c h l o r i d e  (5 c . c . )  were  h e a t e d  a t  1 0 0 °  f o r  
2-§ h o u r s ,  e v a p o r a t e d  and  t h e  r e s i d u e  decomposed w i t h  
m e t h a n o l  (20  c . c . ) .  The r e a c t i o n  m i x t u r e  was r e f l u x e d  
f o r  10  m i n u t e s ,  c o o l e d  and  p o u r e d  i n t o  w a t e r  (50  c . c . ) ,
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t h e  s o l i d  w h ic h  s e p a r a t e d  b e i n g  c o l l e c t e d ,  d r i e d  an d  
c r y s t a l l i s e d  once f ro m  l i g h t  p e t r o l e u m  ( 6 0 - 8 0 ° )  an d  t h e n  
f r o m  a q u e o u s  m e t h a n o l  t o  g i v e  m e t h y l  6 - c h l o r o n i c o t i n a t e  
( 2 . 3  g . )  a s  p l a t e s ,  m . p . 8 3 °  ( R e i s s e r t ,  i b i d . , g i v e s  
p l a t e s ,  m . p . 8 6 - 8 9 ° ,  f r o m  a q u e o u s  e t h a n o l ) .
Round: 0 , 4 9 . 4 ;  H , 3 . 5 %
C a l c ,  f o r  C7 H6 0 8 HC1: C , 4 9 . 0 j  H , 3 . 5 $
6 - C h l o r o n i c 0 t i n a m i d e  (LX) . — (a )  M e th y l  6 - c h l o r o n i c o t i n a t e  
( 0 . 2 5  g . )  an d  a q u e o u s  ammonia (3 c . c . ;  d , 0 . 8 8 )  were  
s h a k e n  f o r  5 h o u r s ,  d i l u t e d  w i t h  w a t e r  (12 c . c . )  and  t h e  
s o l i d  c o l l e c t e d ,  d r i e d  an d  c r y s t a l l i s e d  f ro m  s p i r i t  
( c h a r c o a l )  t o  g i v e  6 - c h l o r o n i c o t i n a m i d e  ( 0 .1 5  g . )  a s  
r e c t a n g u l a r  p l a t e s ,  m . p . 2 1 2 - 2 1 3 ° .
(b )  ( c f .  R o r r e s t  and  W a lk e r ,  J . , 1 9 4 8 , 1 9 3 9 ) .  6 -H y d ro x y ­
n i c o t i n i c  a c i d  (30  g . )  an d  p h o s p h o r y l  c h l o r i d e  (50  c . c . )
w ere  h e a t e d  a t  1 0 0 ° f o r  2 -  ^ h o u r s ,  e v a p o r a t e d  a n d  th e
r e s i d u e  d i s s o l v e d  i n  a c e t o n e  (50 c . c . )  and  a d d e d  t o  
a q u e o u s  ammonia ( 1 0 0  c . c . ;  d , 0 . 8 8 ) s l o w l y  and  w i t h  c o o l i n g .  
A f t e r  s t a n d i n g  a t  0°  f o r  30 m i n u t e s ,  w a t e r  (300 c . c . )  
was  a d d e d  and  t h e  s o l i d  m a t e r i a l  c o l l e c t e d ,  d r i e d  and  
c r y s t a l l i s e d  f ro m  s p i r i t  ( c h a r c o a l )  t o  g i v e  6 - c h l o r o ­
n i c  o t i n a m i d e  (20  g . )  a s  r e c t a n g u l a r  p l a t e s ,  m . p . 2 1 2 - 2 1 4 ° ,  
a l o n e  o r  m ixed  w i t h  a  sp e c im e n  ( a ) .  ( R o r r e s t  and  W a lk e r ,  
i b i d . , g i v e  r e c t a n g u l a r  p l a t e s ,  m . p . 2 0 8 ° ,  f ro m  s p i r i t ;
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M i l l s  and  Widdows, J . , 1 9 0 8 ,1 3 7 2  g i v e  l o n g  n e e d l e s ,  m . p ,  
2 1 0 ,-2 1 1 ° ,  f ro m  w a t e r  f o r  t h e  p r o d u c t  o b t a i n e d  by t h e  
same m ethod)  .
6 - A m in o n i c o t i n a m i d e  (XXXVI).— (a )  ( c f .  C a l d w e l l ,  Tyson 
a n d  L a u e r ,  £ .A .C! .£>. ,1944  , £ 6  ,1479)  . 6  - C h l o r o n i c o t i n ­
amide ( 0 . 5  g . ) ,  a q u e o u s  ammonia (5 c . c . ;  d , 0 . 8 8 )  and  
so d iu m  i o d i d e  ( 0 .0 5  g . )  were  h e a t e d  a t  1 5 0 - 1 6 0 °  f o r
4 -5  h o u r s .  The s o l u t i o n  was e v a p o r a t e d  and  t h e  r e s i d u e  
c r y s t a l l i s e d  f r o m  a q u e o u s  e t h a n o l  t o  g i v e  6 - a m i n o n i c o t i n ­
amide ( 0 . 2  g . )  a s  a  m i c r o c r y s t a l l i n e  p o w d e r ,  m . p . 2 0 0 ° 
( C a l d w e l l ,  Tyson and  L a u e r ,  i b i d . ,  g i v e  a  m i c r o c r y s t a l l i n e  
p o w d e r ,  m . p . 2 0 0 ° ,  f ro m  a q u eo u s  e t h a n o l ) .
(b )  M e th y l  6 - c h l o r o n i c o t i n a t e  ( 0 . 5  g . ) ,  a q u e o u s  ammonia 
(5 c . c . ;  d , 0 . 8 8 )  and  sod ium  i o d i d e  ( 0 . 0 5  g . )  were  s h a k e n  
f o r  5 h o u r s  and  h e a t e d  a t  1 5 0 - 1 6 0 °  f o r  4 -5  h o u r s .  The 
s o l u t i o n  was  e v a p o r a t e d  and  t h e  r e s i d u e  c r y s t a l l i s e d  
f ro m  a q u e o u s  e t h a n o l  t o  g i v e  6 - a m i n o n i c o t i n a m i d e  ( 0 . 2 5  g . )  
a s  a  m i c r o c r y s t a l l i n e  p o w d er ,  m . p . 2 0 0 ° ,  a l o n e  o r  m ixed  
w i t h  a  s p e c im e n  ( a ) .
6 - C h l o r o n i c o t i n i c  a c i d  ( C ) . — ( c f .  Pechmann and  W elsh ,
B e r . , 1 8 8 4 , 1 7 , 2 3 8 4 ) .  6 - H y d r o x y n i c o t i n i c  a c i d  ( 1 3 . 9  g . )
a n d  p h o s p h o r y l  c h l o r i d e  (5 c . c . )  w ere  h e a t e d  t o  1 2 0 - 1 3 0 °  
an d  p h o s p h o r u s  p e n t a c h l o r i d e  (60  g . ) '  a d d e d  d u r i n g  1 0  
m i n u t e s .  A f t e r  h e a t i n g  f o r  a  f u r t h e r  5 m i n u t e s  t h e
-  I l l  -
m i x t u r e  was c o o l e d  a n d  decomposed  w i t h  i c e  ( 2 0 0  g » ) .
The s o l i d  was c o l l e c t e d ,  d r i e d  and  c r y s t a l l i s e d r f ro m  
w a t e r  t o  g i v e  6 - c h l o r o n i c o t i n i c  a c i d  ( 1 4 .5  g . )  a s  
p r i s m a t i c  n e e d l e s ,  m . p . 1 9 6 - 1 9 7 °  (Pechmann an d  W elsh ,  
i b i d . , g i v e  p l a t e s ,  m . p . 1 9 9 ° ,  f ro m  w a t e r ) .
Pound:  C , 4 6 . 2 ;  H , 2 . 4 $
C a l c ,  f o r  CQH4 0 SNC1: C , 4 5 . 7 ;  H , 2 . 6 $
6 - A m i n o n i c o t i n i c  a c i d  ( XCI X) . — (a)  ( c f .  C a l d w e l l ,  Tyson 
a n d  L a u e r ,  J .A .C .S l .  , 1 9 4 4 ,6 6  ,1479)  . 6 - A m in o n ic o t in a m id e
( 0 . 5  g . )  a n d  a q u e o u s  sod ium  h y d r o x i d e  (5 c . c . ;  10$)  were  
r e f l u x e d  u n t i l  a l l  t h e  s o l i d  h a d  d i s s o l v e d ,  c o o l e d  and 
a c i d i f i e d  w i t h  g l a c i a l  a c e t i c  a c i d  t o  g i v e  a  p r e c i p i t a t e
o f  6 - a m i n o n i c o t i n i c  a c i d  ( 0 . 3  g . ) a s  a  m i c r o c r y s t a l l i n e
p o w d e r ,  m . p . 312°  ( C a l d w e l l ,  Tyson a n d  L a u e r ,  i b i d . ,  g i v e  
m . p . 3 1 2 ° ) .
(b)  ( c f .  M arckw a ld ,  B e r .  , 1 8 9 4 , 2 7 , 1 3 1 7 ) .  6 - C h l o r o -  
n i c o t i n i c  a c i d  ( 7 . 0  g . )  and  a q u e o u s  ammonia (50  c . c . ;  
d , 0 . 8 8 ) were  h e a t e d  a t  1 7 0 °  f o r  7 h o u r s .  The r e s i d u e  
o b t a i n e d  on e v a p o r a t i o n  was d i s s o l v e d  i n  d i l u t e  sod ium  
h y d r o x i d e  s o l u t i o n ,  f i l t e r e d  an d  a c i d i f i e d  w i t h  g l a c i a l  
a c e t i c  a c i d  t o  g i v e  a  p r e c i p i t a t e  o f  6 - a m i n o n i c o t i n i c  
a c i d  ( 5 . 0  g . )  a s  a  m i c r o c r y s t a l l i n e  p o w d er ,  m . p . 3 0 9 - 3 1 1 ° ,  
a l o n e  o r  m ixed  w i t h  a  s p e c im e n  ( a ) .  (M arck w a ld ,  i b i d . ,  
g i v e s  m . p . ^  300°)  .
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6 -AffliftP.~5- n i t r o n i c o t i n i c  a c i d  ( C I I ) . — ( c f .  R a t h  and  
P r a n g e ,  A n n a l e n , 1 9 2 9 , 4 6 7 , 1 ) .  (a )  To a  s t i r r e d  s o l u t i o n
o f  6 - a m i n o n i c o t i n i c  a c i d  ( 1 . 0  g . ) i n  s u l p h u r i c  a c i d  
( 2 . 5  c . c . j  d , 1 . 8 4 )  was  a d d e d  a  m i x t u r e  o f  n i t r i c  a c i d  
( 0 . 5  c . c . j  d , 1 . 4 2 )  and  s u l p h u r i c  a c i d  ( 0 . 5  c . c . j  dr 1 . 8 4 )  
d r o p w i s e  an d  w i t h  c o o l i n g .  A f t e r  s t i r r i n g  f o r  3  h o u r s  
t h e  s o l u t i o n  was p o u r e d  i n t o  w a t e r  (50  c . c . )  and  t h e  
p r e c i p i t a t e d  s o l i d  c o l l e c t e d ,  d r i e d  and  c r y s t a l l i s e d  
f r o m  w a t e r  t o  g i v e  6 - n i t r a m i n o n i c o t i n i c  a c i d  ( 0 . 8  g . )  
a s  s m a l l  p r i s m s ,  m . p . 233°  (decom p .)  ( R a t h  and  P r a n g e ,  
i b i d . ,  g i v e  m . p . 2 3 3 °  ( d e c o m p . ) ) .
The compound ( 0 . 5  g . )  was d i s s o l v e d  w i t h  c o o l i n g  i n  
s u l p h u r i c  a c i d  ( 1 . 5  c . c . j  d , 1 . 8 4 )  and  g r a d u a l l y  h e a t e d
i
t o  100  d u r i n g  1— h o u r s .  The s o l u t i o n  was c o o l e d ,  w a te r ,  
(5 c . c . )  was a d d e d  and  t h e  f i l t r a t e  d i l u t e d  w i t h  w a t e r  
(5 c . c . )  a n d  a l m o s t  n e u t r a l i s e d  w i t h  a q u e o u s  sod ium  
h y d r o x i d e  (30$)  w i t h  c o o l i n g .  The s o l i d  was c o l l e c t e d ,  
d r i e d  a n d  c r y s t a l l i s e d  f ro m  d i l u t e  a c e t i c  a c i d  t o  g i v e  •
6 - a m i n o - 5 - n i t r o n i c o t i n i c  a c i d  ( 0 .1 5  g . )  a s  s m a l l  y e l l o w  
n e e d l e s ,  m . p . 2 9 7 - 2 9 8 °  (decom p.)  (R a th  and  P r a n g e ,  i b i d . , 
g i v e  n e e d l e s ,  m . p . 3 0 0 -3 0 1 °  ( d e c o m p . ) ,  f r o m  w a t e r ) .
(b)  To a  s u s p e n s i o n  o f  6 - a m i n o n i c o t i n i c  a c i d  ( 1 . 0  g . )  
i n  w a t e r  ( 2  c . c . )  c o n t a i n i n g  2  d r o p s  o f  p h e n o l p h t h a l e i n  
was  a d d e d  a  s l i g h t  e x c e s s  o f  a q u e o u s  sod ium  h y d r o x i d e  
( 1 0 $ ) .  N i t r i c  a c i d  ( d , 1 . 4 2 )  was ad d ed  t o  t h e  f i l t r a t e
-  113 -
u n t i l  n o , f u r t h e r  m a t e r i a l  p r e c i p i t a t e d .  The s o l i d  was 
c o l l e c t e d  and  d r i e d  t o  g i v e  6 - a m i n o n i c o t i n i c  a c i d  
n i t r a t e  ( 1 . 1  g . )  a s  a  m i c r o c r y s t a l l i n e  p o w d e r ,  m . p . 242°  
(d ec o m p . )  ( R a t h  and  P r a n g e ,  i b i d . ,  g i v e  m . p . 2 4 2 °  ( d e c o m p . ) ) .
The compound ( 1 . 0  g . )  was d i s s o l v e d  i n  s u l p h u r i c  
a c i d  ( 2 . 5  c . c . j  d , 1 . 8 4 )  w i t h  c o o l i n g  and  g r a d u a l l y  h e a t e d  
t o  1 0 5 °  d u r i n g  2 h o u r s .  The s o l u t i o n  was c o o l e d ,  
p o u r e d  o n t o  i c e - w a t e r  (15 g . )  a n d  a l m o s t  n e u t r a l i s e d  
w i t h  a q u e o u s  so d iu m  h y d r o x i d e  (30$)  w i t h  c o o l i n g .  The 
s o l i d  was c o l l e c t e d ,  d r i e d  and c r y s t a l l i s e d  f r o m  d i l u t e  
a c e t i c  a c i d  t o  g i v e  6 - a m i n o - 5 - n i t r o n i c o t i n i c  a c i d  ( 0 . 3  g . ) 
a s  s m a l l  y e l l o w  n e e d l e s ,  m . p . 2 9 8 - 2 9 9 °  (d eco m p .)  a l o n e  
o r  m ix ed  w i t h  a  s p e c im e n  ( a )  ( R a t h  and  P r a n g e ,  i b i d . ,  
g i v e  n e e d l e s ,  m . p . 296°  ( d e c o m p . ) ,  f r o m  w a t e r ) .
5 : 6 - D i a m i n o n i c o t i n i c  a c i d  ( CIV) . — ( c f . R a th  a n d  P r a n g e , 
A n n a l e n , l 9 2 9  , 467 ,1 )  . 6 .-Amino- 5 - n i t f o n i c  o t i n i c  a c i d
( 1 . 5  g . ) ,  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (18  g . )  and  
g r a n u l a t e d  t i n  ( 4 . 4  g . )  were  r e f l u x e d  u n t i l  a l l  t h e  t i n  
h a d  d i s s o l v e d .  The r e s i d u e  o b t a i n e d  on e v a p o r a t i o n  was  
d i s s o l v e d  i n  w a t e r  (50 c . c . )  an d  t h e  s o l u t i o n  d e t i n n e d  
e l e c t r o l y t i c a l l y .  The s o l u t i o n  was e v a p o r a t e d J and  t h e  
r e s i d u e  d i s s o l v e d  i n  a q u e o u s  ammonia (15$)  and  a c i d i f i e d  
w i t h  g l a c i a l  a c e t i c  a c i d  w i t h  c o o l i n g .  The p r e c i p i t a t e  
was  c o l l e c t e d  an d  d r i e d  t o  g i v e  t h e  m o n o h y d ra te  o f  5 : 6 -
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d i a m i n o n i c o t i n i c  a c i d  ( 0 . 7  g . )  a s  an  am o rp h o u s  g r e y  
p o w d e r ,  m . p .  > 3 1 0 ° .
A c t i o n  o f  N i t r o u s  A c id  _on 5 : 6  -D i  a m i n o n i c  o t i n i c  a c i d . —
( c f .  M arc k w a ld ,  B e r . , 1 8 9 4 , 2 7 , 1 3 1 7 ) .  To a  c o o l e d  s o l u t i o n  
o f  5 : 6 - d i a m i n o n i c o t i n i c  a c i d  ( 0 . 0 6  g . )  i n  h y d r o c h l o r i c  
a c i d  ( 2 . 0  c . c . j  15$)  was a d d e d  s o d iu m  n i t r i t e  w i t h  
s h a k i n g  u n t i l  f r e e  n i t r o u s  a c i d  was d e t e c t e d .  The 
s o l u t i o n  was a l m o s t  n e u t r a l i s e d  by a q u e o u s  s o d iu m  h y d r o x i d e  
( 1 0 $)  and  t h e  p r e c i p i t a t e  c o l l e c t e d  and  d r i e d  a t  1 0 0 ° 
o v e r  p h o s p h o r u s  p e n t o x i d e  i n  v a c u o  t o  g i v e  t h e  t r i a z i n e  
d e r i v a t i v e  o f  5 : 6 - d i a m i n o n i c o t i n i c  a c i d  ( 0 . 0 1  g . )  a s  
n e e d l e s ,  m . p . 2 7 0 °  ( d e c o m p . ) .
P o u n d :  N , 3 4 . 5 $
C a l c ,  f o r  C6 H4 0 s N4 : N , 3 4 . 1 $
6 - H y d ro x y - 5 - n i t r o n i c o t i n i c  a c i d  ( C V I ) . — (a )  ( c f .  R a t h  
an d  P r a n g e ,  A n n a l e n , 1 9 2 9 , 4 6 7 , 1 ) .  6 - A m i n o - 5 - n i t r o -
n i c o t i n i c  a c i d  ( 0 . 4  g . )  an d  a q u e o u s  so d iu m  h y d r o x i d e  
( 8  c . c . j  10$)  w ere  h e a t e d  a t  1 0 0 °  f o r  2 h o u r s .  The 
s o l u t i o n  was a c i d i f i e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d  w i t h  c o o l i n g  a n d  t h e  p r e c i p i t a t e  c o l l e c t e d ,  d r i e d  
a n d  c r y s t a l l i s e d  f r o m  w a t e r  ( c h a r c o a l )  t o  g i v e  6 - h y d r o x y -  
5 - n i t r o n i c o t i n i c  a c i d  ( 0 . 1  g . )  a s  y e l l o w  p r i s m s ,  m . p . 2 7 9 -  
2 8 0 °  ( d e e o m p . )  ( R a t h  a n d  P r a n g e , i b i d . ,  g i v e  n e e d l e s ,
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m . p . 2 7 7 °  ( d e c o mp . )  f r o m  w a t e r ) .  L i g h t  a b s o r p t i o n  i n  
w a t e r :  Maxima a t  2110  ( £  = 1 8 , 3 0 0 )  an d  3600A ( £  = 7 4 3 0 ) .
(b)  6 - H y d r o x y n i c o t i n i c  a c i d  (50  g . )  'was d i s s o l v e d  i n
n i t r i c  a c i d  (500  c . c . ;  d , 1 . 5 2 )  w i t h  c o o l i n g  and  t h e  
s o l u t i o n  k e p t  a t  4 5 - 5 0 °  f o r  4 h o u r s .  The m i x t u r e  was  
e v a p o r a t e d  b e lo w  4 5 °  an d  t h e  r e s i d u e  c r y s t a l l i s e d  f r o m  
w a t e r  t o  g i v e  6 - h y d r o x y - 5 - n i t r o n i c o t i n i c  a c i d  ( 2 0  g . ) 
a s  y e l l o w  n e e d l e s ,  m . p . 2 7 8 °  ( d e c o mp . )  a l o n e  o r  m ix ed  w i t h  
a  s p e c i m e n  ( a )  . L i g h t  a b s o r p t i o n  i n  w a t e r :  Maxima a t
2110 ( £ =  1 9 , 2 0 0 )  a n d  3600A ( £ . =  7 9 0 0 ) .
P o u n d : C , 3 9 . 1 ;  H , 2 . 3 ;  N , 1 5 . 2 #
C a l c ,  f o r  C6 H4 0 5 Ns : C , 3 9 . 1 j  H , 2 . 2 ;  N , 1 5 . 2 $
Me t h y 1 6 - h y d r o x y - 5 - n i t r o n i c o t i n a t e  ( CVI I ,  R = M e ) . — Dry 
h y d r o g e n  c h l o r i d e  was p a s s e d  i n t o  a  s o l u t i o n  o f  6 - h y d r o x y - 
5 - n i t r o n i c o t i n i c  a c i d  (1 g . )  i n  m e t h a n o l  (50  c . c . )  f o r  
30 m i n u t e s  an d  t h e  m i x t u r e  r e f l u x e d  f o r  2 h o u r s ,  
e v a p o r a t e d  a n d  t h e  r e s i d u e  c r y s t a l l i s e d  f r o m  m e t h a n o l  t o  
g i v e  m e t h y l  6 - h y d r o x y - 5 - n i t r o n i c o t i n a t e  ( 0 . 7  g . )  a s  p a l e  
y e l l o w  n e e d l e s ,  m . p . 2 0 6 ° .
P o u n d :  C , 4 2 . 5 j  H , 2 . 8 ;  N , 1 4 . 1 ^
C7 H6 0 5 Ns r e q u i r e s :  C , 4 2 . 4 j  H , 3 . 1 j  H,14.1$>
E t h y l  6 - h y d r o x y - 5 - n i t r o n i c o t i n a t e  (C V I I ,  R = E t ) . —
( a)  6 - H y d ro x y - 5 - n i t r o n i c o t i n i c  a c i d  (1 g . )  and  p h o s p h o r y l  
c h l o r i d e  (5 c . c . )  w ere  h e a t e d  a t  1 0 0 °  f o r  3 h o u r s ,
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e v a p o r a t e d  a n d  t h e  r e s i d u e  decom posed  w i t h  e t h a n o l  
(10  c . c . ) .  The r e s i d u e  on e v a p o r a t i o n  was  c r y s t a l l i s e d  
f ro m  b e n z e n e  t o  g i v e  e t h y 1  6 - h y d r o x y - 5 - n i t r o n i c o t i n a t e  
( 0 . 6  g . )  a s  l o n g  p a l e  y e l l o w  n e e d l e s ,  m . p . 1 6 5 - 1 6 7 ° .
P o u n d :  C , 4 5 . 4 j  H , 3 . 8 ;  N , 1 3 . 4 $
C8 H8 0 5 Ns r e q u i r e s :  C , 4 5 . 3 j  H , 3 . 8 j  N , 1 3 . 2 $
(b)  Dry h y d r o g e n  c h l o r i d e  was p a s s e d  i n t o  a  s o l u t i o n  
o f  6 - h y d r o x y - 5 - n i t r o n i c o t i n i c  a c i d  ( 1  g . )  i n  e t h a n o l  
(50  c . c . )  f o r  30 m i n u t e s  an d  t h e  m i x t u r e  r e f l u x e d  f o r  
2  h o u r s ,  e v a p o r a t e d  and  t h e  r e s i d u e  c r y s t a l l i s e d  f r o m  
b e n z e n e  t o  g i v e  e t h y l  6 - h y d r o x y - 5 - n i t r o n i c o t i n a t e  
( 0 . 8  g . )  a s  l o n g  p a l e  y e l l o w  n e e d l e s ,  m . p . 1 6 5 - 1 6 7 0 , 
a l o n e  o r  m ix e d  w i t h  a  s p e c i m e n  ( a ) .
5 - N i t r o - 2 - p y r i d o l  ( C X I ) . — ( c f .  P h i l l i p s ,  J . , 1 9 4 1 , 9 ) .
A m i x t u r e  o f  a m i n o n i t r o p y r i d i n e s  ( 1 9 . 6  g . )  ( v i d e  s u p r a ) 
was  d i s s o l v e d  i n  w a t e r  ( 2 0 0  c . c . )  and  s u l p h u r i c  a c i d  
(32 c . c . ; d , 1 . 8 4 )  an d  i c e  (200  g . )  a d d e d .  Sodium n i t r i t e  
( 2 0  g . )  was  a d d e d  w i t h  s t i r r i n g  an d  t h e  m i x t u r e  s t i r r e d  
f o r  a  f u r t h e r  30 m i n u t e s .  The p r e c i p i t a t e  was 
c o l l e c t e d ,  d r i e d  an d  c r y s t a l l i s e d  f r o m  w a t e r  t o  g i v e  
5 - n i t r o - 2 - p y r i d o l  ( 1 2  g . )  a s  p r i s m a t i c  n e e d l e s ,  m . p .
1 9 0 °  ( P h i l l i p s ,  i b i d . , g i v e s  m . p . 1 8 0 ° ;  T s c h i t s e h i b a b i n  
a n d  S c h a p i r o ,  J . R u s s . P h y s . Chem. S o c . , 1 9 2 1 , 5 3 , 2 5 3 ,  g i v e  
m . p . 1 8 8 °  f o r  t h i s  p r o d u c t  o b t a i n e d  by t h e  n i t r a t i o n  o f
2 - p y r i d o l j  R a t h  and  P r a n g e ,  B e r . , 1 9 2 5 , 5 8 , 1 2 0 8 ,  g i v e
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l o n g  n e e d l e s ,  m . p . l 9 1 - 1 9 2 ° ,  f r o m  w a t e r  f o r  t h e  compound 
o b t a i n e d  b.y t h e  h y d r o l y s i s  o f  2 - n i t r a m i n o -5 - n i t r o - 
p y r i d i n e  w i t h  s o d iu m  h y d r o x i d e  an d  a c i d i f i c a t i o n  o f  t h e  
so d iu m  s a l t  t h u s  o b t a i n e d ) . L i g h t  a b s o r p t i o n  i n  w a t e r :  
Maxima a t  2040 ( £  = 1 2 , 3 3 0 )  an d  3 0 2 o l  ( £  = 1 0 , 9 0 0 ) .
Po u n d :  C , 4 3 . 2 ;  H , 2 . 5 ;  IT,1 9 . 7 #
C a l c ,  f o r  C5 H4 0 3 Ns : C , 4 2 . 9 ;  H , 2 . 9 ;  N , 2 0 . 0 ^
Sodium 5 - n i t r o - 2 - p y r i d o l a t e  ( C X I I ) . — 5 - N i t r o - 2 - p y r i d o l  
( 1 . 4  g . )  was d i s s o l v e d  i n  h o t  w a t e r  (10  c . c . )  c o n t a i n i n g  
so d iu m  h y d r o x i d e  ( 0 . 5  g . ) .  The s o l i d  w h i c h  s e p a r a t e d  
on c o o l i n g  was c r y s t a l l i s e d  f r o m  a q u e o u s  e t h a n o l  t o  g i v e  
t h e  t r i h y d r a t e  o f  so d iu m  5 - n i t r o - 2 - p y r i d o l a t e  ( 0 . 8  g . )  
a s  s t o u t  y e l l o w  n e e d l e s ,  m . p . 3 1 8 0 ( d e c o m p . ) ( R a t h  and  
P r a n g e ,  B e r . , 1 9 2 5 , 5 8 , 1 2 0 8 ,  g i v e  y e l l o w  n e e d l e s ,  m . p . 303°  
( d e c o m p . ) ,  f r o m  w a t e r ) .  L i g h t  a b s o r p t i o n  i n  w a t e r :
Maxima a t  2060 ( £ = 9100)  an d  3020A ( £. = 1 0 , 5 0 0 ) .
P ound :  N , 1 3 . 2 #
C a l c ,  f o r  C6 H3 0 3 Ns N a.3H 2 0 :  N . ,13 .0#
2 -Amino- 5 : 5 - d i n i t r o p y r i d i n e  ( C I X ) . — A m i x t u r e  o f  a m i n o - 
n i t r o p y r i d i n e s  ( 8  g . )  ( v i d e  s u p r a  ) was  a d d ed  w i t h  
c o o l i n g  t o  s u l p h u r i c  a c i d  (24 c . c . ;  d , 1 . 8 4 )  f o l l o w e d  by 
a  m i x t u r e  o f  n i t r i c  a c i d  ( 3 . 9  c . c . ;  d , 1 . 4 2 )  and  
s u l p h u r i c  a c i d  ( 4 . 2  c . c . ;  d , 1 . 8 4 )  a d d e d  w i t h  s t i r r i n g  
b e lo w  1 0 ° .  A f t e r  s t i r r i n g  f o r  1 h o u r  a t  1 5 ° ,  t h e  m i x t u r e
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was h e a t e d  f o r  1 h o u r  a t  6 5 °  an d  f i n a l l y  f o r  15 m i n u t e s  
a t  1 5 0 ° .  The c o o l e d  s o l u t i o n  was p o u r e d  o n t o  i c e  
(1 5 0  g . )  a n d  t h e  p r e c i p i t a t e  c o l l e c t e d ,  d r i e d  and  
c r y s t a l l i s e d  f r o m  e t h a n o l  t o  g i v e  2 - a m i n o - 3 : 5 - d i n i t r o -  
p y r i d i n e  ( 1 . 6  g . )  a s  l o n g  y e l l o w  n e e d l e s ,  m . p .  1 8 9 °  
( T s c h i t s e h i b a b i n  an d  K i r s s a n o w ,  B e r . , 1 9 2 8 , 6 1 , 1 2 2 3 ,  g i v e  
y e l l o w  n e e d l e s ,  m . p . 1 9 0 - 1 9 1 ° ,  f r o m  e t h a n o l ?  T s c h i t s e h i b a b i n  
a n d  R a s o re n o w ,  J . R u s s . P h y s . Chem. g o c . , 1 9 1 5 , 4 7 , 1 2 8 6 ,  g i v e  
y e l l o w  n e e d l e s ,  m . p . 1 9 1 - 1 9 2 ° ) .
P o u n d :  C , 3 3 . 0 j  H , 2 . 5 %
C a l c ,  f o r  C5 H4 O4 N4 : C , 3 2 . 6 j  H , 2 . 2 ^
E v a p o r a t i o n  o f  t h e  m o t h e r  l i q u o r s  and  c r y s t a l l i s ­
a t i o n  o f  t h e  r e s i d u e  f r o m  w a t e r  gav e  5 - n i t r o - 2 - p y r i d o l  
( 3 . 6  g . )  a s  p r i s m a t i c  n e e d l e s ,  m . p . 1 8 7 ° ,  a l o n e  o r  when 
m ix e d  w i t h  a  s p e c i m e n  p r e p a r e d  f r o m  a m i n o . n i t r o p y r i d i n e s  
by n i t r o u s  a c i d .
5 : 5 - D i n i t r o - 2 - p y r i d o l  ( C V T I I ) . — ( a )  6 - H y d r o x y n i c o t i n i c  
a c i d  (2 g . )  i n  n i t r i c  a c i d  (20  c . c .  j _d ,1 .52)  was  r e f l u x e d  
f o r  30 h o u r s .  The r e s i d u e  o b t a i n e d  on e v a p o r a t i o n  was  
c r y s t a l l i s e d  f r o m  w a t e r  t o  g i v e  5 : 5 - d i n i t r o ^ 2 - p y r i d o l  
( 1 . 0  g . )  a s  s t o u t  y e l l o w  n e e d l e s ,  m . p . 1 7 5 ° .  L i g h t  
a b s o r p t i o n  i n  w a t e r :  Maxima a t  2140  ( £ =  1 3 , 4 0 0 )  a n d
3260A .( 6 = 1 1 , 4 0 0 )  .
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P o u n d :  C,32.8*, H , 1 . 9 ;  N , 2 2 . 9 $
C6 H3 0 5 N3  r e q u i r e s :  C , 3 2 . 4 j  H , 1 . 6 ;  N , 2 2 . 7 $
(b)  6 - H y d ro x y - 5 - n i t r o n i c o t i n i c  a c i d  (1  g . )  i n  n i t r i c  
a c i d  (1 0  c . c . ;  d , 1 . 5 2 )  was  r e f l u x e d  f o r  30 H o u r s .  The 
r e s i d u e  o b t a i n e d  on e v a p o r a t i o n  was c r y s t a l l i s e d  f ro m  
w a t e r  t o  g i v e  3 : 5 - d i n i t r o - 2 - p y r i d o l  ( 0 . 5  g . )  a s  s t o u t  
y e l l o w  n e e d l e s ,  m . p . 1 7 5 0 , a l o n e  o r  m ix e d  w i t h  a  s p e c i m e n  
( a )  .
( c )  Dry s o d iu m  n i t r i t e  ( 0 . 7  g . )  was  s l o w l y  a d d e d  t o
s u l p h u r i c  a c i d  (15 c . c . ;  d , 1 . 8 4 )  w i t h  s h a k i n g  and  g e n t l e
h e a t i n g  t o  c o m p l e t e  s o l u t i o n .  The s o l u t i o n  was  c o o l e d  
t o  3 0 °  a n d  t r e a t e d  w i t h  2 - a m i n o - 3 : 5 - d i n i t r o p y r i d i n e  
( 0 . 9 2  g . )  a d d e d  i n  p o r t i o n s  w i t h  s t i r r i n g .  The r e a c t i o n  
m i x t u r e  was  t h e n  s t i r r e d  f o r  2  h o u r s  d u r i n g  w h ic h  t i m e  
t h e  t e m p e r a t u r e  f e l l  t o  1 0 ° .  The r e a c t i o n  m i x t u r e  was  
d i l u t e d  w i t h  w a t e r  (20  c . c . ) ,  k e p t  a t  1 0 °  f o r  30 m i n u t e s  
a n d  t h e n  t r e a t e d  w i t h  a  s o l u t i o n  o f  so d iu m  h y d r o x i d e
(15 g . )  i n  w a t e r  (30  c . c . ) .  A f t e r  s h a k i n g  f o r  30 m i n u t e s  
a t  30°  t h e  s o l i d  w as  c o l l e c t e d  d r i e d  an d  c r y s t a l l i s e d  
f r o m  w a t e r  t o  g i v e  3 : 5 - d i n i t r o - 2 - p y r i d o l  ( 0 . 8  g . )  a s  p a l e  
y e l l o w  n e e d l e s ,  m . p . 1 7 4 - 1 7 5 ° , a l o n e  o r  m ix e d  w i t h  a  
s p e c i m e n  ( a ) . L i g h t  a b s o r p t i o n  i n  w a t e r :  Maxima a t
2 1 4 0  ( £ =  1 2 , 4 7 0 )  a n d  3320A ( £ =  1 1 , 1 3 0 ) .
P o u n d :  0 , 3 2 . 7 ;  H , 1 . 6 ;  N , 2 3 . 0 $
(d )  3 - N i t r o - 2 - p y r i d o l  (1  g . )  was  r e f l u x e d  w i t h  n i t r i c
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a c i d  (10  c . c . j  d , 1 . 5 2 )  f o r  2 h o u r s .  The r e s i d u e  
o b t a i n e d  on e v a p o r a t i o n  was c r y s t a l l i s e d  f r o m  w a t e r  t o  
g i v e  3 : 5 - d i n i t r o - 2 - p y r i d o l  ( 0 . 3  g . )  a s  p a l e  y e l l o w  
p r i s m a t i c  n e e d l e s ,  m . p . l 7 5 ° ,  a l o n e  o r  m ix e d  w i t h  a  
s p e c i m e n  ( a ) . L i g h t  a b s o r p t i o n  i n  w a t e r :  Maxima a t
2120  ( £ = 1 3 , 4 0 0 )  a n d  3300A ( £  = 1 1 , 4 0 0 ) .
P o u n d :  C , 3 2 . 5 j  H , 1 . 6 $
(e )  3 - N i t r o - 2 - p y r i d o l  (7 g . )  was  d i s s o l v e d  i n  s u l p h u r i c  
a c i d  ( 9 . 5  c . c . j  d , 1 . 8 4 )  an d  a  m i x t u r e  o f  n i t r i c  a c i d  
( 5 . 0  c . c . j  d , 1 . 5 2 )  and  s u l p h u r i c  a c i d  ( 4 . 8  c . c . j  d , 1 . 8 4 )  
a d d e d  d r o p w i s e  w i t h  s h a k i n g .  The t e m p e r a t u r e  was r a i s e d  
g r a d u a l l y  t o  1 0 0 ° a n d  m a i n t a i n e d  a t  t h i s  t e m p e r a t u r e  f o r  
1 h o u r .  The c o o l e d  m i x t u r e  was p o u r e d  o n t o  i c e  (40  g . )  
a n d  a q u e o u s  so d iu m  h y d r o x i d e  (7 c . c . j  40$)  a d d e d .  The 
p r e c i p i t a t e  was  c o l l e c t e d ,  d r i e d  a n d  c r y s t a l l i s e d  f r o m  
w a t e r  t o  g i v e  3 : 5 - d i n i t r o - 2 - p y r i d o l  ( 5 . 3  g . )  a s  p a l e  
y e l l o w  p r i s m a t i c  n e e d l e s ,  m . p . l 7 5 ° ,  a l o n e  o r  m ix ed  w i t h
a  s p e c i m e n  ( a ) . L i g h t  a b s o r p t i o n  i n  w a t e r :  Maxima a t
o
2110  ( 6 = 1 5 , 6 0 0 )  an d  3300A ( £  = 1 2 , 5 0 0 ) .
P o u n d :  C , 3 2 . 8 j  H , 1 . 3 $
( f )  5 - N i t r o - 2 - p y r i d o l  (5 g . )  was  r e f l u x e d  w i t h  n i t r i c  
a c i d  (50  c . c . j  d , 1 . 5 2 )  f o r  2 h o u r s .  The r e s i d u e  o b t a i n e d  
on e v a p o r a t i o n  was  c r y s t a l l i s e d  f r o m  w a t e r  t o  g i v e  3 : 5 -  
d i n i t r o - 2 - p y r i d o l  ( 2 . 5  g . ) a s  p a l e  y e l l o w  p r i s m a t i c  
n e e d l e s ,  m . p . 1 7 5 ° ,  a l o n e  o r  m ix e d  w i t h  a  s p e c im e n  ( a ) .
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L i g h t  a b s o r p t i o n  i n  w a t e r :  Maxima a t  2120  ( £ = 1 3 , 0 0 0 )
o
an d  3300A ( £  = 1 2 , 3 0 0 ) .
F o u n d :  C , 3 2 . 7 j  H , 1 . 7 $
(g)  5 - N i t r o - 2 - p y r i d o l  (7 g . )  was d i s s o l v e d  i n  s u l p h u r i c
a c i d  ( 9 . 5  c . c . j  cL,1.84) an d  a  m i x t u r e  o f  n i t r i c  a c i d  
( 3 . 2  c . c . j  d , 1 . 5 2 )  a n d  s u l p h u r i c  a c i d  ( 4 . 8  c . c . j  d , 1 . 8 4 )  
a d d e d  d r o p w i s e  w i t h  s h a k i n g .  The t e m p e r a t u r e  was  r a i s e d  
g r a d u a l l y  t o  1 0 0 ° an d  m a i n t a i n e d  a t  t h i s  t e m p e r a t u r e  f o r  
1 h o u r .  The c o o l e d  m i x t u r e  was p o u r e d  o n t o  i c e  (40  g . )  
an d  a q u e o u s  so d iu m  h y d r o x i d e  (7 c . c . j  40$)  a d d e d .  The 
p r e c i p i t a t e  was  c o l l e c t e d , d r i e d  and  c r y s t a l l i s e d  f r o m  
w a t e r  t o  g i v e  a  compound ( 4 . 2  g . )  a s  s m a l l  p a l e  y e l l o w  
p r i s m s ,  m . p . 1 4 8 - 1 5 0 ° . L i g h t  a b s o r p t i o n  i n  w a t e r :
1  O  1  rf
Maxima a t  2110  (E = 650)  an d  3170A (E_/ = 6 4 0 ) .
l c m .  1 cm.
Found :  C , 3 6 . 8 j  H , 1 . 7 $
5 - N i t r o - 2 - p y r i d o l  ( 1 . 0  g . )  a n d  3 : 5 - d i n i t r o - 2 - p y r i d o l  
( 1 . 0  g . )  w ere  c r y s t a l l i s e d  t o g e t h e r  f r o m  w a t e r  t o  g i v e  
s m a l l  p a l e  y e l l o w  p r i s m s  (1 g . ) ,  m . p . 1 4 8 - 1 5 0 ° ,  a l o n e  o r
m ix e d  w i t h  t h e  compound.  L i g h t  a b s o r p t i o n  i n  w a t e r :
, 1$ ° 1$Maxima a t  2080  (E, = 690)  an d  317OA (E., = 650)  .l c m .  l c m .
F o u n d :  C , 3 6 . 6 j  H , 2 . 0 $
The compound ( 4 . 2  g . )  was r e f l u x e d  w i t h  n i t r i c  a c i d
(50  c . c . j  d , 1 . 5 2 )  f o r  2 h o u r s .  The r e s i d u e  o b t a i n e d  on
e v a p o r a t i o n  was  c r y s t a l l i s e d  f r o m  w a t e r  t o  g i v e  3 : 5 -
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d i n i t r o - 2 - p y r i d o l  ( 3 . 5  g . )  a s  p a l e  y e l l o w  p r i s m a t i c  
n e e d l e s ,  m . p . 1 7 5 ° ,  a l o n e  o r  m ix e d  w i t h  a  s p e c i m e n  ( a ) .  
L i g h t  a b s o r p t i o n  i n  w a t e r :  Maxima a t  2120  ( 6  = 1 4 , 1 0 0 )
an d  3300A ( £  = 1 1 , 5 0 0 ) .
. P o u n d :  G , 3 3 . 0 j  H , 1 . 4 $
(h )  2 - P y r i d o l  ( 2 . 0  g . )  was  r e f l u x e d  w i t h  n i t r i c  a c i d  
(20  c . c . j  d , 1 . 5 2 )  f o r  2 h o u r s .  The r e s i d u e  on e v a p o r ­
a t i o n  was c r y s t a l l i s e d  f r o m  w a t e r  t o  g i v e  a  compound
( 0 . 9  g . )  a s  p a l e  y e l l o w  p r i s m s ,  m . p . 1 5 1 - 1 5 2 ° .  L i g h t
1 9a b s o r p t i o n  i n  w a t e r :  Maxima a t  2120 ( E ^  = 660)  an d
3140A ( E ^  = 593)  .l c m .
Po u n d :  C , 3 5 . 0 j  H,1.8$>
Sodium 2 - p y r i d o l a t e  ( 2 . 0  g . )  was r e f l u x e d  w i t h  
n i t r i c  a c i d  (20  c . c . j  d , 1 . 5 2 )  f o r  2 h o u r s .  The r e s i d u e  
on e v a p o r a t i o n  was  c r y s t a l l i s e d  once  f r o m  d i l u t e  h y d r o ­
c h l o r i c  a c i d  an d  t h e n  f r o m  w a t e r  t o  g i v e  p a l e  y e l l o w  
p r i s m s  ( 0 . 7  g . ) ,  m . p . 1 5 1 - 1 5 2 ° ,  a l o n e  o r  m ix e d  w i t h  t h e  
compound.  L i g h t  a b s o r p t i o n  i n  w a t e r :  Maxima a t  2100
( E i i . =  6831 312°A (El L . =  6 2 3 ) -
Pound :  0 , 3 4 . 6 ;  H,1.7<£
5 - N i t r o - 2 - p y r i d o l  ( 0 . 2  g . )  a n d  3 : 5 - d i n i t r o - 2 -
p y r i d o l  ( 0 . 8  g . )  w ere  c r y s t a l l i s e d  t o g e t h e r  once  f r o m
w a t e r - t o  g i v e  p a l e  y e l l o w  p r i s m s ,  m . p . 1 5 1 - 1 5 4 ° .  L i g h t
1 %a b s o r p t i o n  i n  w a t e r :  Maxima >■ a t  2100 ($]_Qm. = 670)  a n d
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O 1%
3140A ( % cm.=  600)  .
P o u n d :  0 , 3 3 . 1 ;  H ,1 .8%
A f t e r  two f u r t h e r  r e c r y s t a l l i s a t i o n s  f r o m  w a t e r ,  t h e
m a t e r i a l  h a d  m . p . 1 6 1 - 1 7 0 ° .
3 - N i t r o - 2 - p y r i d o l  ( 0 . 2  g . )  an d  3 : 5 - d i n i t r o - 2 -
p y r i d o l  ( 0 . 8  g . )  w ere  c r y s t a l l i s e d  t o g e t h e r  once  f r o m
w a t e r  t o  g i v e  p a l e  y e l l o w  p r i s m s ,  m . p . 1 4 9 - 1 5 1 ° . L i g h t
1 %
a b s o r p t i o n  i n  w a t e r :  Maxima a t  2100 (E_ = 750)  a n dlc m .
3380A (E^ = 5 9 2 ) .l c m .
P o u n d :  0 , 3 4 . 4 ;  H ,1 .7%
A f t e r  two f u r t h e r  r e c r y s t a l l i s a t i o n s  f r o m  w a t e r ,  t h e  
m a t e r i a l  h a d  m . p . 1 6 0 - 1 6 5 ° .
The compound ( 0 . 5  g . )  was r e f l u x e d  w i t h  n i t r i c  
a c i d  (5 c . c . ;  d , 1 . 5 2 )  f o r  2 h o u r s .  The r e s i d u e  
o b t a i n e d  on e v a p o r a t i o n  was c r y s t a l l i s e d  f r o m  w a t e r  t o  
g i v e  3 : 5 - d i n i t r o - 2 - p y r i d o l  ( 0 . 2 5  g . )  a s  p a l e  y e l l o w  
p r i s m a t i c  n e e d l e s ,  m .p * 1 7 5 ° ,  a l o n e  o r  m ix ed  w i t h  a  
s p e c i m e n  ( a ) .  L i g h t  a b s o r p t i o n  i n  w a t e r :  Maxima a t
2100  ( 6 =  1 3 , 3 0 0 )  an d  3300A ( £ =  1 0 , 8 0 0 ) .
P ound :  N , 2 3 . 1 $
Sodium 5 : 5 - d i n i t r o - 2 - p y r i d o l a t e . — 3 : 5 - D i n i t r o - 2 - p y r i d o l  
( 1 . 8 5  g . )  was d i s s o l v e d  i n  h o t  w a t e r  (10  c . c . )  c o n ­
t a i n i n g  s o d iu m  h y d r o x i d e  ( 0 . 5  g . ) .  The s o l i d  w h i c h  
s e p a r a t e d  on c o o l i n g  was  c o l l e c t e d ,  d r i e d  a n d  c r y s t a l l i s e d
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f r o m  a q u e o u s  e t h a n o l  t o  g i v e  t h e  d i h y d r a t e  o f  s o d iu m  
3 : 5 - d i n i t r o - 2 - p y r i d o l a t e  ( 0 . 9  g . )  a s  l o n g  p a l e  y e l l o w  
n e e d l e s ,  m . p . 2 9 8 °  ( d e c o m p . ) .  L i g h t  a b s o r p t i o n  i n
o
w a t e r :  Maxima a t  2100  ( £ = 1 3 , 6 0 0 )  an d  3260A (£  =
10,100) .
P o u n d :  N , 1 7 . 0 #
C5 H2 0 5 N3 N a.2H s 0 r e q u i r e s :  IT, 17 . .3$
1 : 6 - D i h y d r o - 6 - k e t o - 1 - m e t h y l n i c o t i n i c  a c i d  ( C X I I I ) . —
( c f .  D .R .P . ,5 2 2 ,0 6 0 )  • N i c o t i n i c  a c i d  ( 1 2 . 3  g . )  ( O r g . 
S y n t h . , 4 , 4 9 )  an d  d i m e t h y l  s u l p h a t e  ( 9 . 5  c . c . )  w ere  
h e a t e d  a t  1 0 0 °  f o r  3 h o u r s .  W a te r  (20  c . c . )  was  a d d e d ,  
t h e  m i x t u r e  c o o l e d  i n  a n  i c e - b a t h  and  w i t h  s t i r r i n g  
t r e a t e d  s i m u l t a n e o u s l y  w i t h  s e p a r a t e  s o l u t i o n s  o f  
p o t a s s i u m  f e r r i c y a n i d e  ( 6 5 . 8  g . )  i n  w a t e r  (132 c . c . )  
a n d  so d iu m  h y d r o x i d e  (16 g . )  i n  w a t e r  (27 c . c . )  a d d e d  
d r o p w i s e  a t  s u c h  a  r e l a t i v e  r a t e  t h a t  h a l f  o f  t h e  f i r s t  
s o l u t i o n  h a d  b e e n  a d d e d  when a d d i t i o n  o f  t h e  s e c o n d  was 
c o m p l e t e  an d  a t  s u c h  a  r a t e  t h a t  t h e  t e m p e r a t u r e  o f  t h e  
r e a c t i o n  m i x t u r e  d i d  n o t  r i s e  ab o v e  1 0 ° .  A f t e r  s t a n d i n g  
o v e r n i g h t  a t  1 0 ° ,  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  
( 2 0  c . c . )  was a d d e d  w i t h  c o o l i n g  an d  t h e  s o l i d  m a t e r i a l  
c o l l e c t e d ,  d r i e d  a n d  c r y s t a l l i s e d  f r o m  e t h a n o l  t o  g i v e  
1 : 6 - d i h y d r o - 6 - k e t o - 1 - m e t h y l n i c o t i n i c  a c i d  ( 1 0 . 2  g . )  a s  
n e e d l e s ,  m . p . 2 3 8 - 2 3 9 °  (Pechmann a n d  W elsh ,  B e r . , 1 8 8 4 ,
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1 7 , 2 3 8 4 ,  g i v e  n e e d l e s ,  m . p . 2 3 7 - 2 3 8 ° ,  f r o m  w a t e r ,  f o r  
t h e  p r e p a r a t i o n  f r o m  m e t h y l  c o u m a l a t e  an d  m e t h y l a m i n e  
f o l l o w e d  by h y d r o l y s i s ,  S p a t h  and  h o l l e r ,  B e r , , . 1 9 2 3 .  
5 6 , 8 8 0 ,  g i v e  m . p . 1 8 3 °  f o r  t h e  i s o m e r i c  1 : 2 - d i h y d r o - 2 -  
k e t o - 1 - m e t h y l n i c o t i n i c  a c i d ) .
1 : 6  - B i h y d r o -&.~k e t o  -1  - m e t h y l -5 - n i t r o n i c o t i n i c  a c i d  ( CXIV) . — 
1 : 6 - B i h y d r o - 6 - k e t o - 1 - m e t h y n i c o t i n i c  a c i d  ( 3 0 . 6  g . )  was 
d i s s o l v e d  i n  n i t r i c  a c i d  (306 c . c . }  d , 1 . 5 2 )  w i t h  c o o l i n g  
an d  t h e  s o l u t i o n  k e p t  a t  5 0 - 5 5 °  f o r  f i v e  h o u r s .  W a te r  
( 2 0 0  c . c . )  was  a d d e d  t o  t h e  r e s i d u e  o b t a i n e d  on e v a p o r ­
a t i o n  b e lo w  5 0 °  a n d  t h e  m i x t u r e  n e u t r a l i s e d  w i t h  s o l i d  
s o d iu m  b i c a r b o n a t e .  A s o l i d  (A) was rem oved  by 
f i l t r a t i o n  an d  t h e  f i l t r a t e  a c i d i f i e d  w i t h  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d .  The s o l i d  m a t e r i a l  was c o l l e c t e d ,  
d r i e d  and  c r y s t a l l i s e d  f r o m  w a t e r  t o  g i v e  1 : 6 - d i h y d r o -
6 - k e t o - 1 - m e t h y l - 5 - n i t r o n i c o t i n i c  a c i d  ( 1 5 . 8  g . )  a s  s t o u t  
y e l l o w  n e e d l e s ,  m . p . 2 1 7 - 2 2 2 0 . L i g h t  a b s o r p t i o n  i n
o
w a t e r :  Maxima a t  2180  ( 8  = 1 8 , 1 0 0 )  an d  3640A ( £ = 6 6 0 0 ) .
F o u n d :  0 , 4 2 . 6 }  H , 3 . 0 j  N , 1 4 . 2 ^
C7 H6 0 5 Ns r e q u i r e s :  0 , 4 2 . 4 }  H , 3 . 1 j  N , 1 4 . 1 $
Me t h y l  1 : 6 - d i h y d r o - 6 -ke  t o - 1 - m e t h y l - 5 - n i t r o n i c o t i n a t e  
( CXV, R = Me) . — 1 : 6 - B i h y d r o - 6 -ke  t o - 1 -me t h y l - 5 - n i  t r o - 
n i c o t i n i c  a c i d  ( 1 . 9 8  g . ) ,  p h o s p h o r u s  p e n t a c h l o r i d e  ( 4 . 2 g . )
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an d  p h o s p h o r y l  c h l o r i d e  ( 2 . 0  g . )  w ere  r e f l u x e d  f o r  1  
h o u r .  The r e s i d u e  on e v a p o r a t i o n  was c r y s t a l l i s e d  
f r o m  m e t h a n o l  t o  g i v e  me t h y l  1 : 6 - d i h y d r o - 6 -ke  t  o - 1 -me t h y l -
5 - n i t r o n i c o t i n a t e  ( 1 . 5  g . )  a s  y e l l o w  n e e d l e s ,  m . p . 1 4 7 -  
1 4 9 ° .
Fo u n d :  0 , 4 5 . 2 }  H , 3 . 7 }  N , 1 3 . 3 $
C8 .He 0 5 Ng r e q u i r e s :  0 , 4 5 . 3 }  H , 3 . 8 }  N , 1 3 . 2 $
E t h y l  1 : 6 - d i h y d r o - 6 -k e t o - 1 -me t h y l - 5 - n i t r o n i c o t i n a t e  
(CXV, R = E t ) . — 1 : 6 - B i h y d r o - 6 - k e t o - 1 - m e t h y l - 5 - n i t r o ­
n i c o t i n i c  a c i d  ( 1 . 9 8  g . )  an d  t h i o n y l  c h l o r i d e  (10  c . c . )  
w ere  r e f l u x e d  f o r  3 h o u r s .  The r e s i d u e  o b t a i n e d  on 
e v a p o r a t i o n  was c r y s t a l l i s e d  f r o m  e t h a n o l  t o  g i v e  e t h y l  
1 : 6 - d i h y d r o - 6 - k e t o - 1 - m e t h y l - 5 - n i t r o n i c o t i n a t e  ( 1 . 5  g . ) 
a s  p a l e  y e l l o w  n e e d l e s ,  m . p • 1 2 4 ° .
F o u n d : C , 4 7 . 8 } H , 4 . 4%
CeHioOsNg. r e q u i r e s :  0 , 4 7 . 8 }  H , 4 . 5 $
1 : 2 - B i h y d r o - 1 - m e t h y l - 3 - n i t r o - 2 - p y r i d o n e  ( C X V I I ) . —
3 - N i t r o - 2 - p y r i d o l  (20  g . )  was  d i s s o l v e d  i n  w a t e r  
(163  c . c . )  c o n t a i n i n g  p o t a s s i u m  h y d r o x i d e  ( 1 6 . 3  g . ) ,  
d i m e t h y l  s u l p h a t e  ( 1 8 . 1  g . ) a d d e d  a n d  t h e  m i x t u r e  
r e f l u x e d  f o r  4 h o u r s .  The c o o l e d  s o l u t i o n  was  f i l t e r e d  
f r o m  a  s o l i d  (A) an d  t h e  f i l t r a t e  e x t r a c t e d  w i t h  b e n z e n e  
( 2  x  i 0 0  c . c . )  . The d r i e d  (Nas S04 ) b e n z e n e  e x t r a c t  
was e v a p o r a t e d  a n d  t h e  r e s i d u e  c o m b in e d  w i t h  t h e  s o l i d
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(A) an d  c r y s t a l l i s e d  f r o m  e t h y l  a c e t a t e  ( c h a r c o a l )  t o  
g i v e  1 : 2 - d i h y d r o - 1 - m e t h y l - 2 - p y r i d o n e  ( 1 1 . 1  g . )  a s  y e l l o w  
n e e d l e s ,  m . p . 1 7 6 °  ( T s c h i t s c h i b a b i n  a n d  Konowalowa,  B e r . , 
1 9 2 5 , 5 8 , 1 7 1 2 ,  g i v e  y e l l o w  n e e d l e s ,  m . p . 1 7 5 - 1 7 6 ° , f o r  t h e  
p r o d u c t  o b t a i n e d  by t h e  a c t i o n  o f  m e t h y l  i o d i d e  on 2 - 
n i t r a m i n o - 3 - n i t r o p y r i d i n e  f o l l o w e d  by h e a t i n g  w i t h  
a l k a l i ) . L i g h t  a b s o r p t i o n  i n  w a t e r :  Maxima a t  2040
( 5 =  1 4 , 7 0 0 )  a n d  3660A ( £ =  7 2 0 0 ) .
P o u n d :  0 , 4 7 . 0 ;  H , 4 . 1 $
C a l c ,  f o r  C6 H6 0 3 Ns : C , 4 6 . 8 ;  H , 3 . 9 $
-*■: 2  - D i h y d r o  -1 - m e t h y l  -5 - n i t r o  - 2  - p y r i d o n e  ( C X V II I ) . —
( c f . R a t h ,  A n n a l e n , 1 9 3 0 , 4 8 4 , 5 2 ) .  The t r i h y d r a t e  o f
s o d iu m  5 - n i t r o - 2 - p y r i d o l a t e  ( 0 . 4 3  g . ) ,  e t h a n o l  ,(10 c . c . )  
a n d  m e t h y l  i o d i d e  ( 2  c . c . )  was  r e f l u x e d  f o r  1 - |  h o u r s .
The r e s i d u e  o b t a i n e d  on e v a p o r a t i o n  was  c r y s t a l l i s e d  
f r o m  w a t e r  ( c h a r c o a l )  t o  g i v e  l : 2 - d i h y d r o - l - m e t h y l - 5 -  
n i t r o - 2 - p y r i d o n e  ( 0 . 2  g . )  a s  y e l l o w  n e e d l e s ,  m . p . 1 7 5 °  
( R a t h ,  i b i d . , g i v e s  n e e d l e s ,  m . p . 1 7 5 ° ) .  L i g h t  
a b s o r p t i o n  i n  w a t e r :  Maxima a t  2180  ( £  = 8000)  an d
o
3 0 4 0 A ( £  = 9 9 0 0 ) .
1 : 2 - D i h y d r o - 1 - m e t h y l - 3 : 5 - d i n i t r o - 2 - p y r i d o n e  ( CXVI) . —
( a )  1 : 6 - D i h y d r o - 6 - k e t o - 1 - m e t h y l n i c o t i n i c  a c i d  ( 3 . 0 6  g . )  
a n d  n i t r i c  . a c i d  ( 3 0 . 6  c . c . ;  d , 1 . 5 2 )  w ere  r e f l u x e d  f o r  
5 h o u r s .  The r e s i d u e  o b t a i n e d  on e v a p o r a t i o n  was
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c r y s t a l l i s e d  f r o m  w a t e r  t o  g i v e  1 : 2 - d i h y d r o - 1 - m e t h y l - 
3 : 5 - d i n i t r o - 2 - p y r i d o n e  ( 2 . 0  g . )  a s  y e l l o w  l e a f l e t s ,  
m . p . 1 7 8 ° .  L i g h t  a b s o r p t i o n  i n  w a t e r :  Maxima a t  2080
( £  = 2 0 , 6 0 0 ) ,  2180  ( £  = 1 9 , 1 0 0 )  an d  3100A ( S  = 1 2 , 7 0 0 ) .  
P o u n d :  C , 3 6 . 5 ;  H , 2 . 4 ;  N , 2 1 . 1 #
C a l c ,  f o r  C6 H5 0 5 N3 : 0 , 3 6 . 2 ;  H , 2 . 5 ;  N , 2 1 . 1 #
(b )  The s o l i d  (A) o b t a i n e d  d u r i n g  t h e  p r e p a r a t i o n  o f  
1 : 6 - d i h y d r o - 6 - k e t o - 1 - m e t h y l - 5 - n i t r o n i c o t i n i c  a c i d  was 
c r y s t a l l i s e d  f r o m  w a t e r  t o  g i v e  1 : 2 - d i h y d r o - 1 - m e t h y l -  
3 : 5 - d i n i t r o - 2 - p y r i d o n e  ( 0 . 2  g . )  a s  p a l e  y e l l o w  p l a t e s ,  
m . p . 1 7 8 ° ,  a l o n e  o r  m ix e d  w i t h  a  s p e c i m e n  ( a ) .
( c )  1 : 6 - D i h y d r o - 6 - k e t o - 1 - m e t h y l - 5 - n i t r o n i c o t i n i c  a c i d  
( 0 . 2 5  g . )  and  n i t r i c  a c i d  (5 c . c . ;  d , 1 . 5 2 )  w ere  r e f l u x e d  
f o r  4 h o u r s .  The r e s i d u e  o b t a i n e d  on e v a p o r a t i o n  was  
c r y s t a l l i s e d  f r o m  w a t e r  t o  g i v e  1 : 2 - d i h y d r o - 1 - m e t h y l ­
s '  - d i n i t r o - 2 - p y r i done ( 0 . 2  g . )  a s  p a l e  y e l l o w  l e a f l e t s ,  
m . p . 1 7 7 ° ,  a l o n e  o r  m ix e d  w i t h  a  s p e c i m e n  ( a ) .
(d)  1 : 2 - D i h y d r o - l - m e t h y l - 3 - n i t r o - 2 - p y r i d o n e  ( 0 . 7  g . )  
a n d  n i t r i c  a c i d  (1 0  c . c . ;  d , 1 . 5 2 )  were  r e f l u x e d  f o r  2 
h o u r s .  The r e s i d u e  o b t a i n e d  on e v a p o r a t i o n  was  
c r y s t a l l i s e d  f r o m  w a t e r  t o  g i v e  1 : 2 - d i h y d r o - 1 - m e t h y l - 
3 : 5 - d i n i t r o - 2 - p y r i d o n e  ( 0 . 3  g . )  a s  y e l l o w  l e a f l e t s ,  m . p .  
1 7 5 - 1 7 7 ° ,  a l o n e  o r  m ix e d  w i t h  a  s p e c i m e n  ( a ) .
( e ) 1 : 2 - D i h y d r o - 1 - m e t h y l - 5 - n i t r o - 2 - p y r i d o n e  ( 0 . 7  g . )
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and n i t r i c  a c id  (10 c . c . ;  d , l * 5 2 )  were r e f lu x e d  f o r  2 
h o u r s .  The r e s id u e  o b ta in ed  on e v a p o r a t io n  was 
c r y s t a l l i s e d  from w a ter  to  g iv e  1 :2 -d ih y d r o - 1 -m e th y l- 
3 : 5 - d in i t r o - 2 - p y r id o n e  (0*5 g . )  as  y e l lo w  l e a f l e t s ,  m.p.  
1 7 7 ° ,  a lon e  or mixed w ith  a specim en ( a ) .  L ig h t  
a b s o r p t io n  in  w ater: Maxima a t  2140 ( £  = 1 8 ,9 0 0 )  and
3070A ( £ = 1 2 , 2 0 0 ) .
( f )  ( c f .  F is c h e r  and Chur, J . p r a k t . Chem. ,1 9 1 6 ,9 3 ,3 6 5 ) .
1 :2 -L ih y d r o - l -m e th y l -2 -p y r id o n e  (10*9 g . )  ( Org. S y n th . , 
1 5 ,4 1 )  and n i t r i c  a c id  (100 c . c . ;  d , l - 5 2 )  were r e f lu x e d  
f o r  2 h o u rs .  The r e s id u e  o b ta in ed  on e v a p o r a t io n  was 
c r y s t a l l i s e d  from w a ter  to  g iv e  1 : 2 -d ih y d r o -1 -m e th y l ­
s '  - d in i t r o - 2 - p y r id o n e  (10*3 g . )  as  y e l lo w  l e a f l e t s ,  
m . p . 1 7 8 ° ,  a lon e  or mixed w ith  a specim en ( a ) .  (F is c h e r  
and Chur, i b i d . ,  g iv e  m. p . 1 7 8 ° ) .
(g)  3 : 5 - D i n i t r o - 2 - p y r i d o l  ( 0 . 9 3  g . )  was d i s s o l v e d  in
h o t  w a te r  (10 c . c . )  c o n t a in in g  p o ta ss iu m  hydroxide  
( 0 . 2 8  g . ) .  The r e s id u e  o b ta in ed  on e v a p o r a t io n  was 
h e a te d  w ith  m ethanol (5 c . c . )  and m ethyl io d id e  (3  c . c . )  
a t  120°  f o r  3 h o u rs .  The r e s id u e  o b ta in ed  on e v a p o r a t io n  
was c r y s t a l l i s e d  from w ater  (c h a r c o a l)  to  g iv e  1 : 2 -  
d ih y d r o - l - m e t h y l - 3 : 5 - d in i t r o - 2 - p y r id o n e  ( 0 . 5  g . )  a s  sm a ll  
y e l lo w  p l a t e s ,  m . p . 1 7 8 ° ,  a lon e  or mixed w ith  a specim en
( a ) . ‘ L ig h t  a b s o r p t io n  i n  water*. Maxima a t  2080 ( £ =
2 0 , 6 0 0 ) ,  2180 ( £ =  1 9 ,0 0 0 )  and 3080A ( £ =  1 2 ,2 0 0 ) .
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Found: C, 36 . 5 j  H , 2 . 6 j  N ,2 1 .5 g
M e th y la t io n  o f  6 -Hydroxy- 5 - n i t r o n i c o t i n i c  a c i d . — (a)  6 -  
H y d r o x y - 5 - n i t r o n ic o t in ic  a c id  ( 1 . 8 4  g . )  was d i s s o lv e d  
I n  w ater  ( 1 1 .4  c . c . )  c o n t a in in g  p o ta ss iu m  hydroxide  
( 1 . 7  g . ) ,  d im ethy l su lp h a te  ( 1 . 2 8  g . )  added and the  
m ixtu re  r e f lu x e d  f o r  4 h o u r s .  The s o l u t i o n  was 
a c i d i f i e d  w ith  c o n c e n tr a te d  h y d r o c h lo r ic  a c id  w ith  
c o o l i n g .  The s o l i d  m a te r ia l  was c o l l e c t e d  and d r ied  
t o  g iv e  a b lack  powder, m .p .1 5 0 -2 5 0 °  ( decomp. ) ,  from  
w h ich  no u s e f u l  m a te r ia l  was o b ta in e d .
(b) 6 -Hydroxy—5 - n i t r o n i c o t i n i c  a c id  ( 1 . 8 4  g . )  was 
-d is s o lv e d  i n  w ater  (12 c . c . )  c o n t a in in g  p o tass iu m  
h y d ro x id e  ( 1 . 2  g . )  and the s o l u t i o n  ev a p o r a te d . The 
r e s id u e  was h e a te d  w ith  m ethanol (10  c . c . )  and m ethyl  
i o d i d e  (5 c . c . )  a t  1 3 0 -1 4 0 °  f o r  5 h ou rs . The r e s id u e  
o b ta in e d  on e v a p o r a t io n  was a c i d i f i e d  w ith  d i l u t e  hydro - 
c h l o r i c  a c id ,  b o i l e d  and f i l t e r e d  h o t .  No c r y s t a l l i n e  
m a t e r i a l  was o b ta in ed  from the f i l t r a t e .
i
C h lo r in a t io n  o f  1 : 6 -D ihyd ro- 6 - k e t o - 1 -m e th y l- 5 - n i t r o - 
n i c o t i n i c  a c i d . — (a)  1 : 6 -L ihyd ro - 6 - k e t o - l -m e th y l-5 - 
n i t r o n i c o t i n i c  a c id  (2 g . )  and a 20^ s o l u t i o n  o f  p h o s ­
g e n e  i n  to lu e n e  (22 c . c . )  were h e a ted  a t  140° f o r  7 
h o u r s .  The r e s id u e  o b ta in ed  on e v a p o r a t io n  was b o i l e d  
w ith  w ater  (40  c . c . )  f o r  1 m in u te , f i l t e r e d  h o t  and the
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s o l i d  which, s e p a r a te d  on c o o l in g  c r y s t a l l i s e d  from  
w a ter  to  g iv e  y e l lo w  n e e d le s  ( 1 . 8  g . ) ,  m . p . 2 1 7 - 2 2 2 ° ,  
a lo n e  or mixed w ith  a u t h e n t ic  1 : 6 -d ih y d r o -6 - k e t  o - l  - 
m e th y l- 5 - n i t r o n i c o t i n i c  a c i d .
(b) 1 :6 -D ih y d ro - 6 - k e t o - 1 -m e th y l- 5 - n i t r o n i c o t i n i c  a c id  (2 g . )  
and t h io n y l  c h lo r id e  (10 c . c . )  were h e a ted  a t  120°  f o r
5 h o u rs .  The r e s id u e  o b ta in e d  on e v a p o r a t io n  was 
b o i l e d  w ith  w a ter  (40 c . c . )  f o r  1 m in u te , f i l t e r e d  h o t  
and the  s o l i d  w hich  se p a r a te d  on c o o l in g  c r y s t a l l i s e d  
from w ater  to  g iv e  y e l lo w  n e e d le s  ( 1 . 6  g . ) ,  m .p .2 1 7 -2 2 2 0 , 
a lo n e  or mixed w ith  a u th e n t ic  1 :.6 -d ihyd ro- 6 - k e t o - 1 -  
m e th y l - 5 - n i t r o n i c o t i n i c  a c id .
(c )  1 : 6 -D ih y d ro - 6 - k e t o - l - m e th y 1 - 5 - n i t r o n i c o t i n i c  a c id  
(1  g . ) ,  phosphorus p e n ta c h lo r id e  (3 g . )  and phosphoryl  
c h lo r id e  (2 c . c . )  were h e a te d  a t  150° f o r  5 h o u rs .
The r e s id u e  o b ta in ed  on e v a p o r a t io n  was decomposed w ith  
e th a n o l  (10 c . c . ) ,  w a te r  (30 c . c . )  was added and the  
m ixture  e v a p o ra ted  to  10 c . c .  below 3 0 ° .  The l i q u i d  
was d ecanted  and the r e s id u a l  gum e x t r a c t e d  w ith  b o i l i n g  
benzene (20 c . c . ) .  E va p ora tion  o f  the benzene e x t r a c t  
gave a gum ( 0 . 1  g . )  from which no c r y s t a l l i n e  m a te r ia l  
was o b ta in e d .
B rom ination o f  1 : 6 -B ih y d ro - 6 - k e t o - 1 -m eth y l- 5 - n i t r o - 
n i c o t i n i c  a c i d . — 1 :6 -D ih y d ro - 6 - k e to - l -m e th y 1 - 5 - n i t r o ­
n i c o t i n i c  a c id  ( 2 . 0  g . )  was added to  a  m ixture o f
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phosphorus tr ib rom id e  (20 g . )  and bromine ( 3 . 2  g . )  and 
h e a te d  a t  100° f o r  10 h o u rs .  The r e s id u e  o b ta in ed  on 
e v a p o r a t io n  was decomposed w ith  m ethanol (40  c . c . )  and 
f i l t e r e d  h o t .  No c r y s t a l l i n e  m a t e r ia l  was o b ta in ed  
from the f i l t r a t e  or from the i n s o lu b le  m a t e r ia l .
Me t h y l  6 - c h ip r o - 5 - n i t r o n i c o t i n a t e  ( CXX, E = Me) . — A 
m ixture  o f  6 -h yd roxy- 5 - n i t r o n i c o t i n i c  a c id  ( 0 . 9 2  g . ) ,  
phosphorus p e n ta c h lo r id e  (3 g . )  and p h osp hory l c h lo r id e  
(5 c . c . )  was h e a te d  a t  100° f o r  2 h o u rs .  To the  
r e s id u e  o b ta in ed  on e v a p o r a t io n  was added m ethanol  
(10 c . c . )  f o l lo w e d  by w a ter  (40  c . c . ) ,  the p r e c i p i t a t e d  
s o l i d  b e in g  c o l l e c t e d ,  d r ie d  and c r y s t a l l i s e d  from  
l i g h t  p etro leu m  (6 0 -8 0 ° )  to  g iv e  me t h y l  6 - c h l o r o - 5 - 
n i t r o n i c o t i n a t e  ( 0 . 9 2  g . )  a s  p a le  y e l lo w  l e a f l e t s ,  m. p.  
7 6 ° .
Found: 0 , 3 8 . 9 ;  H , 2 . 3 ;  N ,1 2 .8 #
C7 H5 0 4 N2 C1  r e q u ir e s :  0 , 3 8 . 8 ;  H , 2 . 3 j  N ,1 2 .9 $
E th y l  6 - c h l o r o - 5 - n i t r o n i c o t i n a t e  (CXX, E = E t ) . — A 
m ixture  o f  6 -h yd roxy- 5 - n i t r o n i c o t i n i c  a c id  ( 0 . 9 2  g . ) ,  
phosphorus p e n ta c h lo r id e  ( 2 . 1  g . )  and phosphoryl  
c h lo r id e  (5 c . c . )  was h e a te d  a t  100°  f o r  2 h o u rs .  To 
the  r e s id u e  o b ta in e d  on e v a p o r a t io n  was added e th a n o l  
(10 c . c . )  f o l lo w e d  by w a ter  (20 c . c . )  the p r e c i p i t a t e d  
s o l i d  b e in g  c o l l e c t e d ,  d r ie d  and c r y s t a l l i s e d  from
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aqueous e th a n o l  t o  g iv e  e t h y l  6 - c h ip r o - 5 - n i t r o n i c o t i n a t e  
( 0 . 5  g . )  a s  p r ism s ,  m . p . 6 1 ° .
Found: C , 4 1 . 6 j  H, 3 . 3 ;  N ,1 2 .5 $  
C8H704NgCl r e q u ir e s :  0 , 4 1 . 7 ;  H , 3 . 1 ;  N ,1 2 .1 $
M ethyl 6 -bromo- 5 - n i t r o n i c o t i n a t e  ( CX 2I , R = Me) . — 6 -  
H y d r o x y - 5 - n i t r o n ic o t in ic  a c id  ( 1 . 8 4  g . )  was added to  a 
m ixture o f  phosphorus tr ib ro m id e  (10 c . c . )  and bromine
t
( 6 . 4  g . )  and h e a te d  a t  100°  f o r  20 h o u rs .  The r e s id u e  
o b ta in e d  on e v a p o r a t io n  was decomposed w ith  m ethanol  
(20  c . c . )  and the  m ixture  ev a p o r a te d , the r e s id u e  b e in g  
c r y s t a l l i s e d  from l i g h t  p etro leu m  (6 0 -8 0 ° )  to  g iv e  
me t h y l  6 -bromo- 5 - n i t r o n i c o t i n a t e  ( 1 . 6  g . )  as  p a le  y e l lo w  
n e e d l e s ,  m . p . 9 8 ° .
Found: N ,1 0 .6 ^
C7H50 4NgBr r e q u ir e s :  N ,1 0 .7 $
E th y l  6 -bromo- 5 - n i t r o n i c o t i n a t e  ( CXXI, R = E t ) . — 6 -  
Hydroxy- 5 - n i t r o n i c o t i n i c  a c id  ( 1 . 8 4  g . )  was added to  a 
m ixture o f  phosphorus tr ib ro m id e  (10 c . c . )  and bromine 
( 3 . 2  g . )  and h e a te d  a t  100°  f o r  7 h o u rs .  The r e s id u e  
o b ta in e d  on e v a p o r a t io n  was decomposed w ith  e th a n o l  
(20  c . c . ) ,  w a te r  (40  c . c . )  was added and the m ixture  
ev a p o ra ted  to  20 c . c .  below 3 0 ° .  The s o l i d  was 
c o l l e c t e d ,  d r ie d  and e x t r a c t e d  w ith  b o i l i n g  l i g h t  p e t r o l ­
eum ( 6 0 - 8 0 ° ) ,  the  in s o lu b l e  f r a c t i o n  b e in g  c r y s t a l l i s e d
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from benzene to  g iv e  p a le  y e l lo w  n e e d le s  ( 0 . 6  g . ) ,  
m .p .1 6 5 -1 6 7 ° , a lon e  or mixed w ith  a specim en o f  e t h y l  
6 -hyd roxy- 5 - n i t r o n i c o t i n a t e , o b ta in ed  by the e s t e r i f i -  
c a t i o n  o f  6 -h yd ro xy - 5 - n i t r o n i c o t i n i c  a c id .
The l i g h t  p e tro leu m  e x t r a c t  was ev ap o ra ted  and 
the r e s id u e  c r y s t a l l i s e d  from l i g h t  p etro leum  ( 60- 80° )  
to  g iv e  e t h y l  6 -bromo- 5 - n i t r o n i c o t i n a t e  ( 1 . 1  g . )  as  
s t o u t  p a le  y e l lo w  n e e d l e s ,  m . p . 85° .
Found: 0 , 3 5 . 0 ;  H , 2 . 8 ;  N ,1 0 .1 $
CeH704Ns Br r e q u ir e s :  0 , 3 4 . 9 ;  H, 2 . 6 ;  E , 1 Q * 2 %
D e c a r b o x y la t io n  o f  1 : 6 -D ih yd ro- 6 - k e t o - 1 -m e th y l- 5 -
n i t r o n i c o t i n i c  a c i d  (a) 1 : 6 -D ih yd ro- 6 - k e t o - l - m e t h y l -
5 - n i t r o n i c o t i n i c  a c id  ( 0 . 1  g . )  was sublim ed a t  1 7 0 ° /  
1 0 " smm. and the su b lim a te  e x tr a c t e d  w ith  benzene  
(5 c . c . ) .  No r e s id u e  was o b ta in ed  on e v a p o r a t io n  o f  
the  e x t r a c t .
(b) 1 : 6 -D ih yd ro- 6 - k e t o - 1 -m e th y l- 5 - n i t r o n i c o t i n i c  a c id  
( 0 - 25  g . )  was h e a te d  a t  300° f o r  30 m in u te s ,  c o o le d  
and e x tr a c t e d  w ith  benzene (5 c . c . ) .  No r e s id u e  was 
o b ta in ed  on e v a p o r a t io n  o f  the e x t r a c t .
( c ) 1 : 6 -D ih y d ro ^ 6 -k e to - 1 -m e th y l- 5 - n i t r o n i c o t i n i c  
a c id  ( 0 . 1  g . )  and c a lc iu m  ox ide  ( 0 . 2  g . )  were h e a ted  
a t  240° f o r  5 m in u te s .  The mass was co v ered  w ith  a  
l a y e r  o f  ca lc iu m  oxide ( 0 . 1  g . )  and h e a te d  a t  1 7 0 ° /
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10~6mm. No su b lim a te  was o b ta in e d .
(d) 1 : 6 -D ih yd ro - 6 - k e t o - 1 - m e t h y l - 5 - n i t r o n i c o t i n i c  a c id  
( 1 . 0  g . )  and ca lc iu m  ox id e  ( 3 . 0  g . )  were h e a te d  a t  300°  
f o r  30 m in u te s ,  c o o le d  and e x tr a c t e d  w ith  benzene
(10 c . c . ) .  No r e s id u e  was o b ta in ed  on e v a p o r a t io n  o f  
the e x t r a c t .
(e)  1 : 6 -D ih yd ro - 6 - k e t o - 1 - m e t h y l - 5 - n i t r o n i c o t i n i c  a c id  
( 1 . 0  g . )  and q u in o l in e  (20 c . c . )  were r e f lu x e d  f o r  4 
h o u r s .  The q u in o l in e  was removed by steam  d i s t i l l a t i o n  
and the  rem ain ing  s o l u t i o n  e v a p o r a te d .  No s o l i d  
m a t e r ia l  was o b ta in ed  on e v a p o r a t io n  o f  the benzene  
e x t r a c t  o f  the r e s id u e .
( f )  1 :6 -D ih y d ro - 6 - k e t o - 1 - m e t h y l - 5 - n i t r o n i c o t i n i c  a c id  
( 1 . 0  g . )  and c o n c e n tr a te d  h y d r o c h lo r ic  a c id  (20 c . c . )  
were r e f lu x e d  f o r  8 h o u rs ,  the  r e s id u e  o b ta in e d  on 
e v a p o r a t io n  b e in g  e x tr a c t e d  w ith  benzene (10 c . c . ) .
No r e s id u e  was o b ta in ed  on e v a p o r a t io n  o f  the benzene  
e x t r a c t .
2 -C h lo r o - 5 : 5 - d in i t r o p y r id in e  ( CXXI I ) . — A m ixture  o f  
3 : 5 - d i n i t r o - 2 - p y r i d o l  ( 0 . 9 3  g . ) ,  phosphorus p e n ta c h lo r id e  
( 1 . 5  g . )  and phosphoryl c h lo r id e  (2 c . c . )  was h e a te d  
a t  120°  f o r  2 h o u rs .  The r e s id u e  o b ta in ed  on e v a p o r a t ­
io n  was t r e a t e d  w ith  w a ter  (15 c . c . )  and b a s i f i e d  by 
the a d d i t io n  o f  aqueous sodium hydroxide  (30$) w ith
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c o o l i n g .  The s o l i d  was c o l l e c t e d , d r i e d  and c r y s t a l l i s e d  
from l i g h t  p e tro leu m  ( 60 - 80° )  to  g iv e  2 - c h ip r o - 5 : 5 -  
d in i t r o p y r id in e  ( 0 . 5  g . )  as  la m in a e , m . p . 64 ° .
F o u n d :  N , 2 0 . 5 $
C5Hg04Ns Cl r e q u ir e s :  N ,2 0 .6 $
2 -Amino- 3 - c h ip r o - 5 - n i t r o p y r id in e  ( CXXV). — (a) 2 -Amino- 
5 - n i t r o p y r id in e  ( 1 . 3 9  g . )  i n  e th a n o l  (100 c . c . )  was 
t r e a t e d  w ith  dry c h lo r in e  u n t i l  1 0 .0  g .  had been  
absorb ed . The r e s id u e  o b ta in ed  on e v a p o r a t io n  was 
shaken w ith  w ater  (20 c . c . ) ,  c o l l e c t e d ,  d r ie d  and 
c r y s t a l l i s e d  from e th a n o l  (c h a r c o a l)  to  g iv e  2 -am ino-
3 - c h l o r o - 5 - n i t r o p y r id in e  ( 0 . 3 5  g . )  as p a le  y e l lo w  
n e e d l e s ,  m .p .2 1 1 -2 1 3 °  ( B y s tr i t s k a y a  and K irssanow ,
J . Gen. Chem. , U - S . 3 . E .  ,1 9 4 0 ,1 0 ,1 8 2 7  , g iv e  m . p . 205 -206 °) .
F o u n d : N , 2 4 .4 $
C a l c ,  f o r  C6H4 0gN3C l :  N , 2 4 . 2 $
(b) 2 -Amino- 5 - n i t r o p y r id in e  (1 .3 9  g . )  was d i s s o lv e d  
. in  e th a n o l  (100 c . c . )  and t r e a t e d  w ith  c h lo r in e  ( 0 . 7 1  g . )  
w ith  i c e  c o o l i n g .  The r e s id u e  o b ta in ed  on e v a p o r a t io n  
was shaken w ith  w a ter  (20 c . c . ) ,  c o l l e c t e d ,  d r ie d  and 
c r y s t a l l i s e d  from  e th a n o l  (c h a r c o a l)  to  g iv e  2 -am ino- 
3 - e h l o r o - 5 - n i t r o p y r id in e  (0 .8 5  g . )  a s  p a le  y e l lo w  
j a e e d i e s , m .p .211  -215 ° , -alone or mixed w ith  a specim en
(a) .
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3 -C h lo ro - 5 - n i t r o - 2 - p y r id o l  (CXXVI). — 2 -Amino- 3 - c h io r o -  
5 - n i t r o p y r id in e  ( 0 . 3 5  g . )  in  su lp h u r ic  a c id  ( 1 . 0  c . c . ;  
d , 1 . 8 4 )  and w ater  ( 0 . 5  c . c . )  was c o o le d  below 10°  and 
t r e a t e d  w ith  sodium n i t r i t e  ( 0 . 3  g . )  added i n  p o r t io n s  
w ith  sh a k in g . A f t e r  sh ak in g  f o r  a f u r t h e r  hour t h e  
r e a c t i o n  m ixture  was d i l u t e d  w ith  w a te r  (6 c . c . ) ,  c o o le d  
to  0°  and f i l t e r e d .  The d r ie d  s o l i d  was c r y s t a l l i s e d  
from aqueous e th a n o l  to  g iv e  3 - c h l o r o - 5 - n i t r o - 2 -p y r id o l  
( 0 . 2  g . )  as p a le  y e l lo w  p r ism s , m .p .198°  ( U . S . P . ,
1 ,7 7 8 ,7 8 4  g i v e s  m .p .1 9 8 °;  D . R . P . , 5 9 7 , 9 7 4  g i v e s  m .p .1 6 5 -  
1 6 7 ° )  .
Found: N ,1 6 .5 $
C alc , f o r  C6H30 3N3C1: N ,1 6 .1 $
3 -C h lo r o - 1 : 2 -d ih y d r o - 1 -m eth y l- 5 -n i t r o - 2 -pyr idon e  ( CXXIII ) . —
(a) A s o l u t i o n  o f  3 - c h l o r o - 5 - n i t r o - 2 - p y r id o l  ( 1 . 7 5  g . )  
i n  aqueous p o ta ss iu m  hydroxide  (10 c . c . ;  6$) was 
e v a p o r a te d  and the r e s id u e  r e f lu x e d  w ith  e th a n o l  (10 c . c . )  
and m ethyl io d id e  (5 c . c . )  f o r  2 h o u r s .  The r e s id u e  
o b ta in e d  on e v a p o r a t io n  was e x t r a c t e d  w ith  h o t  benzene  
(10 c . c . ) ,  the e x t r a c t  b e in g  ev ap ora ted  and the r e s id u e  
sublim ed a t  1 1 0 ° / l 0 “«mm. The su b lim a te  was c r y s t a l l i s e d  
from  e t h y l  a c e t a t e - l i g h t  p etro leu m  (4 0 -6 0 ° )  to  g iv e  3 -  
c h l o r o - 1 : 2 -d ih y d r o - 1 -m e th y l- 5 - n i t r o - 2 -p yr id on e  ( 1 . 5  g . )  
a s  p r ism s ,  m . p . H 5 ° .
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Found: 0 , 3 8 . 8 ;  H, 2 . 5 $
C6H50 3Ns C1 r e q u ir e s :  0 , 3 8 . 2 ;  H, 2 . 7 $
(b) A m ixture  o f  l : 2 - d i h y d r o - l - m e t h y l - 3 : 5 - d i n i t r o - 2 -  
pyridone ( 1 . 9 9  g . ) ,  phosphorus p e n ta c h lo r id e  (3  g . )  and 
phosphoryl c h lo r id e  (2 c . c . )  was h e a ted  a t  150° f o r  4 
h o u rs .  The r e s id u e  o b ta in ed  on e v a p o r a t io n  was t r e a t e d  
w ith  w a te r  (15 c . c . )  and b a s i f i e d  by the a d d i t io n  o f  
aqueous p o tass iu m  hydroxide  (30$) w ith  c o o l i n g .  The 
m ixture  was shaken w ith  c o ld  benzene (20 c . c . ) ,  the  
i n s o lu b le  1 : 2 -d ih y d r o - 1 -m e th y l- 3 : 5 - d i n i t r o - 2 - p y r i done 
( 0 . 5  g . j  m .p .1 7 0 -1 7 4 ° )  s e p a r a te d ,  and the d r ie d  (Nas S04 ) 
benzene e x t r a c t  e v a p o r a te d . The r e s id u e  was c r y s t a l l i s e d  
from  e t h y l  a c e t a t e - l i g h t  p etro leu m  (6 0 -8 0 ° )  ( c h a r c o a l)
to  g iv e  3 - c h l o r o - 1 : 2 - d ih y d r o - l - m e t h y l - 5 - n i t r o - 2 -pyridon e  
( 0 . 2  g . )  a s  p r ism s ,  m . p . H 5 ° ,  a lon e  or mixed w ith  a 
.specim en ( a ) .
( c)  1 :2 -D ih y d r o -1 -m e th y l- 3 : 5 - d i n i t r o - 2 - p y ridone ( 1 . 0  g . )  
and t h i o n y l  c h lo r id e  (5 c . c . )  were h ea ted  a t  1 4 0 -1 5 0 °  
f o r  5 h o u rs . The r e s id u e  o b ta in e d  on e v a p o r a t io n  was 
shaken w ith  h o t  benzene (10 c . c . ) .  The m ixture was 
c o o le d ,  f i l t e r e d  from  1 :2 -d ih y d r o - 1 -m e th y l- 3 : 5 - d i n i t r o -  
2-p y r id o n e  ( 0 . 2 5  g . ; m .p .1 6 9 -1 7 2 ° )  and the benzene  
e v a p o r a te d , the  r e s id u e  b e in g  c r y s t a l l i s e d  from e t h y l  
a c e t a t e - l i g h t  p etro leu m  (6 0 -8 0 ° )  (c h a r c o a l)  to  g iv e  3 -  
c h l o r o - 1 : 2 -d ih y d r o - 1 -m e th y l- 5 - n i t r o - 2 -pyridon e ( 0 . 4  g . )
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a s  p r ism s ,  m.p.  1 1 4 -1 1 5 ° ,  a lo n e  or  mixed w ith  a specim en
(a) .
5 -C h lo r o - 1 : 2 -d ih y d r o - 1 -m e th y l- 3 - n i t r o - 2 -pyridon e  ( CXXIV) . — 
A s o l u t i o n  o f  5 - c h l o r o - 3 - n i t r o - 2 -p y r id o l  ( 1 . 7 5  g . )  i n  
aqueous p o tass iu m  h yd rox id e  (10  c . c . j  6%)  was eva p o ra ted  
to  dryn ess  and the  r e s id u e  r e f lu x e d  f o r  2 hours w ith  
e th a n o l  (10 c . c . )  and m ethyl io d id e  ( 4 . 0  g . ) .  The 
r e a c t i o n  m ixture  was f i l t e r e d  from s o l i d  m a t e r ia l  w hich  
was washed w ith  “benzene. The f i l t r a t e  and w ash ings  
were ev ap ora ted  and the  r e s id u e  c r y s t a l l i s e d  from benzene - 
l i g h t  p e tro leu m  (6 0 -8 0 ° )  ( c h a r c o a l)  to  g iv e  5 - c h l o r o -  
1 *.2-d ih y d r o -1 -m e th y l- 3 - n i t r o - 2 -pyridone ( 0 . 5  g . )  a s  p a le  
y e l lo w  p r ism s ,  m . p . l 2 6 ° .  A m ixture w ith  the compound 
(m .p .1 15°)  o b ta in ed  by the c h l o r i n a t i o n  o f  l : 2 - d i h y d r o -
1 -m e th y l- 3 : 5 - d in i t r o - 2 - p y r id o n e  had m . p . 8 5 - 9 5 ° .
Pound: 0 , 3 8 . 8 ;  H, 2 . 7 $
C6H50 BNSC1 r e q u ir e s :  0 , 3 8 . 2 ;  H, 2 . 7 $
N i c o t i n i c  a c id  N- o x i d e . — ( c f .  Clemo and K oen ig , J . , 1 9 4 9 ,  
S 2 3 1 ) . N i c o t i n i c  a c id  (10  g . ) ,  g l a c i a l  a c e t i c  a c id  
(30 g . )  and p erh y d ro l (30 g . )  were h e a ted  a t  100° f o r  
3 hours w ith  o c c a s io n a l  sh a k in g . The r e s id u e  o b ta in ed  
on e v a p o r a t io n  was c r y s t a l l i s e d  from m ethanol to  g iv e  
n i c o t i n i c  a c id  N -ox id e  ( 5 . 2  g . )  a s  n e e d le s ,  m .p .249°  
(decomp.) (Clemo and K oen ig , i b i d . ,  g iv e  y e l lo w  n e e d l e s ,
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m . p . 249°  (decom p.) from m eth a n o l) .
N i t r a t i o n  o f  N i c o t i n i c  a c id  N- o x i d e . — (a) N i c o t i n i c  
a c id  N -oxide  (2 g . ) and n i t r i c  a c id  (20 c . c . ;  d , 1 . 4 2 )  
were taken  to  d ry n ess  in  an e v a p o r a t in g  b a s in  and the  
r e s id u e  c r y s t a l l i s e d  from w ater  to  g iv e  n e e d le s  ( 1 . 6  g . ) ,  
m .p .2 4 9 -2 5 1 °  ( decomp. ) ,  a lone  or mixed w ith  a u th e n t ic  
n i c o t i n i c  a c id  N -o x id e .  On e v a p o r a t io n ,  the mother  
l i q u o r s  gave a gum ( 0 . 2  g . )  from w hich no c r y s t a l l i n e  
m a te r ia l  was o b ta in e d .
(b) N i c o t i n i c  a c id  N -oxide  (2 g . )  and n i t r i c  a c id  
(20 c . c . ;  d , 1 . 5 2 )  were r e f lu x e d  f o r  3 h o u r s ,  eva p o ra ted  
and the r e s id u e  c r y s t a l l i s e d  from w ater  to  g iv e  n e e d le s  
( 1 . 4  g . ) ,  m .p .2 4 6 -2 4 9 °  ( deeomp. ) ,  a lon e  or  mixed w ith  
a u t h e n t ic  n i c o t i n i c  a c id  N -o x id e .  On e v a p o r a t io n ,  
the m other l iq u o r s  gave a gum ( 0 . 4  g . )  from which no 
c r y s t a l l i n e  m a t e r ia l  was o b ta in e d .
(e )  N i c o t i n i c  a c id  N -oxide  (1 g - ) ,  g l a c i a l  a c e t i c  a c id  
(5 c . c . )  and n i t r i c  a c id  (5 c . c . ;  d , l . 52)  were r e f lu x e d  
f o r  3 h o u rs ,  ev a p o ra ted  and the  r e s id u e  c r y s t a l l i s e d  
from w ater  to  g iv e  n e e d le s  ( 0 . 8  g . ) ,  m .p .2 4 9 -2 5 0 °  
( deeomp. ) ,  a lo n e  or mixed w ith  a u th e n t ic  n i c o t i n i c  a c id  
N -o x id e .  On e v a p o r a t io n ,  the m other l iq u o r s  gave a 
gum ( 0 . 1  g . )  from w hich no c r y s t a l l i n e  m a t e r ia l  was 
o b ta in e d .
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(d) N i c o t i n i c  a c id  N -ox ide  (1 g . ) , g l a c i a l  a c e t i c  a c id  
(5 c . c . ) ,  n i t r i c  a c id  (5 c . c .  j d , 1 . 5 2 )  and a c e t i c  
anhydride (2 c . c . )  was g r a d u a l ly  h e a te d  to  100°  and 
m a in ta in ed  a t  t h i s  tem perature f o r  3 h o u rs .  The 
r e s id u e  o b ta in ed  on e v a p o r a t io n  was c r y s t a l l i s e d  from  
w a ter  to  g iv e  n e e d le s  ( 0 . 7  g . ) ,  m .p .2 4 6 -2 4 8 °  ( decomp. ) ,  
a lo n e  or mixed w ith  a u th e n t ic  n i c o t i n i c  a c id  N -o x id e .
On e v a p o r a t io n  the  m other l i q u o r s  gave a gum ( 0 . 1  g . )  
from  w hich  no c r y s t a l l i n e  m a t e r ia l  was o b t a i n e d . -
N i t r a t i o n  o f  2 - P y r i d o l . — (a) ( c f .  T s c h i t s c h ib a b in  and 
S e h a p iro ,  J . B u s s . P h y s . Chem. S o c . ,1 9 2 1 ,5 5 ,2 3 5 ) .  N i t r i c  
a c id  ( 4 . 5  c . c . ;  d , 1 . 5 2 )  was added s lo w ly  and w ith  c o o l in g  
to  2 - p y r id o l  (5 g . )  i n  oleum (20  c . c . j  20$ f r e e  S0s ) 
and the  r e a c t io n  m ixture  s t i r r e d  f o r  2 h o u rs . A f t e r  
d eco m p o sit io n  w ith  w a te r  (100 c . c . )  and a lm ost com plete  
n e u t r a l i s a t i o n  w ith  aqueous sodium hydroxide (30$) w ith  
c o o l i n g ,  the  s o l i d  m a t e r ia l  was c o l l e c t e d ,  d r ie d  and 
e x tr a c t e d  w ith  e t h a n o l .  E v ap o ra tio n  o f  the  e x t r a c t  . 
gave a y e l lo w  c r y s t a l l i n e  r e s id u e  ( 4 . 0  g . )  which was 
d i s s o l v e d  i n  oleum (10  c . c . j  20$ f r e e  S0s ) and n i t r i c  
a c id  ( 1 . 5  c . c . j  d , 1 . 5 2 )  added s lo w ly  w ith  c o o l i n g .  The 
r e a c t i o n  m ixture  was s t i r r e d  a t  15°  f o r  1 h ou r, h e a ted  
a t  100°  f o r  3 h o u r s ,  c o o le d ,  decomposed w ith  w a ter  
(100 c . c . )  and a lm o st  n e u t r a l i s e d  w ith  aqueous sodium
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hydroxide ( 3 0 $ ) .  The r e s id u e  o b ta in ed  on e v a p o r a t io n  
was e x tr a c t e d  w i th  e t h a n o l ,  e v a p o r a t io n  o f  which gave  
a y e l lo w  c r y s t a l l i n e  r e s id u e  (3 g . ) .  One c r y s t a l l i s a ­
t i o n  from aqueous e th a n o l  gave p a le  y e l lo w  n e e d le s ,  
m . p . 2 9 8 °  (deeomp.) ( T s c h i t s c h ib a b in  and S ch ap iro , i b i d . ,  
g iv e  m . p . 286°  ( de c o mp . ) ) .  L ig h t  a b so r p t io n  in  w ater:
Maxima a t  2 160  ( E ^  = 580)  an d  3 3 8 o l  (E^ = 5 8 5 ) .lcm . 1cm.
Pound: N , 1 6 . 5 $
The p rodu ct was c r y s t a l l i s e d  f i v e  t im e s  from a q u e o u s
e th a n o l  to  g iv e  p a le  y e l lo w  n e e d l e s ,  m . p . 298°  ( decomp. ) .
i %
l i g h t  a b s o r p t io n  in  w ater: Maxima a t  2150 (E^ = 610)
° 1%
and 3380A (IL = 660) .
. -Lcm •
Pound: N , 1 6 . 8 $
B e c r y s t a l l i s a t i o n  o f  the  once c r y s t a l l i s e d  m a te r ia l  
from  d i l u t e  h y d r o c h lo r ic  a c id  gave 3 : 5 - d i n i t r o - 2 -p y r id o l  
a s  lo n g  p r ism s ,  m . p . 1 7 5 0 , a lone  or mixed w ith  a  specim en  
o b ta in ed  from 2 - a m in o - 3 : 5 - d in i t r o p y r id in e . L ig h t  
a b s o r p t io n  i n  water*. .Maxima a t  2120 ( € =  1 2 ,2 0 0 )  and 
3 2 6OA ( 6 = 1 0 , 5 0 0 ) .
Pound: N , 2 2 . 9 $
C a lc , f o r  C*H*O.e N0 : N.,22.7$
The crude produ ct ( 1 . 0  g . )  and n i t r i c . a c i d  (10  c . c . j  
d , 1 . 5 2 )  were r e f l u x e d  f o r  2 h o u r s ,  the r e s id u e  on 
s v a p o r a t io n  b e in g  c r y s t a l l i s e d  once from d i l u t e  hydro-
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c h l o r i c  a c id  and th en  from w a ter  to  g iv e  3 : f i - d i n i t r o - 
2 -p y r id o l  ( 0 . 7  g . )  a s  p a le  y e l lo w  n e e d l e s ,  m .p .1 7 5 1®, 
alon e  or mixed w ith  a specim en o b ta in ed  from 2 -amino - 
3 : 5 - d i n i t r o p y r i d i n e . L ig h t  a b s o r p t io n  i n  w ater:
Maxima a t  2130 ( £ = 1 2 ,4 0 0 )  and 3320A (■£'- 1 1 ,2 0 0 )  .
Pound: N, 2 2 . 3 $
(b) ( e f .  B inz and M aier-B ode, Angew. Chem. ,1 9 3 6 ,4 9 ,4 8 6 ) .
2 -P y r id o l  (24 g . ) was d i s s o l v e d  in  su lp h u r ic  a c id  
(48  c . c . j  d ,1 .8 4 )  and a m ixture  o f  n i t r i c  a c id  (16 c . c . j  
d ,1 .5 2 )  and su lp h u r ic  a c id  (24 c . c . j  d , 1 . 8 4 )  added  
s lo w ly  and w i t h  s t i r r i n g  below 4 0 ° .  The s o l u t i o n  was 
s t i r r e d  f o r  a f u r t h e r  2 hours below 4 0 ° ,  poured onto  
i c e  (210 g . )  and p a r t i a l l y  n e u t r a l i s e d  by the a d d i t io n  
o f  aqueous sodium hyd rox id e  (35 c . c . j  4 0 $ ) .  The s o l i d  
w as c o l l e c t e d ,  d r ie d  and e x t r a c t e d  w ith  b o i l i n g  methanol 
(2 x  200 c . c . ) .  The i n s o lu b le  m a te r ia l  was c r y s t a l l i s e d  
from w a ter  to  g iv e  a compound ( 0-5  g . ) a s  y e l lo w  
p r is m a t ic  n ee  d ie  s , m. p.  286 0 ( de c omp.)  ( Binz and Maie r  -  
h o d e ,  i b i d . , g iv e  m .p .280° ( de c o mp . ) ) .  L ig h t  a b s o r p t io n
’\ d  O
i n  w ater:  Maxima a t  2410 680) and 35QQA =
318) .
Found: N, 1 2 . 8 j Ha, 1 0 . 9 $
The m ethanol e x t r a c t  was e v a p o r a te d  to  d ryn ess  and 
the R es id u e  c r y s t a l l i s e d  from m ethanol to  g iv e  3 - n i t r o - 
2 - p y r i d o l  (6 g . )  a s  y e l lo w  n e e d l e s , m .p .2 2 4 °  3 a lo n e  or
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mixed w ith  a specim en prepared from 2 -am ino- 3 - n i t r o - 
p y r id in e .  (B inz and M aier-Bode, i b i d . , g iv e  m . p . 22 4 -  
2 2 5 ° ) .
(c)  Sodium 2 - p y r id o la t e  (29 g . )  was d i s s o l v e d  in
su lp h u r ic  a c id  (48 c . c . j  d , 1 . 8 4 )  and a m ixture o f  n i t r i c
a c id  (16 c . c .  j d , 1 . 5 2 )  and s u lp h u r ic  a c id  (24 c . c . j
d ,1 .8 4 )  added s lo w ly  and w ith  s t i r r i n g  below 4 0 ° .  The
s o l u t i o n  was s t i r r e d  f o r  a f u r t h e r  2 hours below 4 0 ° ,
poured onto  i c e  (210 g . )  and p a r t i a l l y  n e u t r a l i s e d  by
the  a d d i t io n  o f  aqueous sodium hydroxide (35 c . c . j  4 0 $ ) .
The s o l i d  was c o l l e c t e d ,  d r ie d  and e x t r a c t e d  w ith
b o i l i n g  m ethanol (2 x 200 c . c . ) .  The in s o lu b le  m a te r ia l
was c r y s t a l l i s e d  from w ater  to  g iv e  y e l lo w  p r ism a t ic
n e e d l e s  ( 2 . 0  g - ) ,  m . p . 286°  ( decomp. ) ,  a lone  or mixed
w i t h  a specim en ( b ) . L ig h t  a b so r p t io n  in  w ater: Maxima
a t  2400 = 710) and 3500A ( E ^  = 330) .lcm . 1cm.
Found: N , 1 2 . 9 j  N a , l l . l $
The m ethanol e x t r a c t  was evap ora ted  to  d ryn ess  and 
the  r e s id u e  c r y s t a l l i s e d  from m ethanol to  g iv e  3 - n i t r o -
2 - p y r id o l  ( 5 . 8  g . )  a s  y e l lo w  n e e d l e s ,  m .p .2 2 4 ° ,  a lo n e  
o r  mixed w ith  a specim en ( b ) .
(d) To sodium 2 - p y r id o la t e  (1 .1 7  g . )  i n  w a te r  (5 c . c . )  
was added n i t r i c  a c id  ( 0 . 7  c . c . j  d , 1.5-2) .  No p r e c i p i t a t e  
was o b ta in ed  on s t o r i n g  a t  0 ° .
(e )  A m ixture  o f  s u lp h u r ic  a c id  (6 c . c . j  d , 1 . 8 4 ) , n i t r i c
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a c id  ( 1 . 3  c . c . j  d , 1 . 5 2 )  and w a ter  (18 c . c . )  was p a r t i a l l y  
n e u t r a l i s e d  by the a d d i t io n  o f  aqueous sodium hydroxide  
( 4 . 5  c . c . j  4 0 $ ) .  To the c o o le d  m ixture  was added 2 -  
p y r id o l  (2 g . ) .  No p r e c i p i t a t e  was o b ta in e d  on s t o r i n g  
a t  0 ° .
( f )  A s o l u t i o n  o f  2 - p y r id o l  (2 g . )  i n  su lp h u r ic  a c id  
(6 c . c . j  d ,1 .8 4 )  was shaken f o r  2 h o u r s ,  poured onto  
i c e  (18 g . )  and n i t r i c  a c id  ( 1 . 3  c . c . j  d , 1 . 5 2 )  added, 
f o l lo w e d  by aqueous sodium hydroxide ( 4 . 5  c . c . j  4 0 $ ) .
No p r e c i p i t a t e  was o b ta in ed  on s t o r in g  a t  0 ° .
P r o p e r t ie s  o f  Compound m . p . 2 8 6 ° (decom p.).— (a) The 
compound c o n ta in e d  C, H, N and Na but no S. I t  ex p lod ed  
above 3 0 0 ° .  I t  c r y s t a l l i s e d  unchanged from d i l u t e  
h y d r o c h lo r ic  a c id .  I t  i o n i s e d  in  w a te r .  I t s  s o l u t i o n  
i n  w a ter  had pH 6 .5  and showed a m ild  b u f f e r in g  a c t io n  
a t  pH 8 -10  w ith  a l k a l i .
(b) The compound d id  n o t  r e a c t  w ith  diazomethane in  
e t h e r .
(c )  The compound ( 2 . 0  g . )  was d i s s o lv e d  i n  w ater  
( 1 1 .4  c . c . )  c o n ta in in g  p o tass iu m  hydroxide ( 1 . 7  g . ) ,  
dim ethy l su lp h a te  ( 1 . 2 8  g . )  added and the m ixture  
r e f lu x e d  f o r  4 h o u r s .  The s o l u t i o n  was a c i d i f i e d  w ith  
c o n c e n tr a te d  h y d r o c h lo r ic  a c id  and e v a p o r a te d . No 
c r y s t a l l i n e  m a te r ia l  was o b ta in ed  from the r e s id u e .
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(d) The compound ( 0 . 2  g . )  and n i t r i c  a c id  ( 2 . 0  c . c . j  
d , 1 . 5 2 )  were r e f lu x e d  f o r  2 hours and ev ap o ra ted  to  
d r y n e ss .  The r e s id u e  was a c r y s t a l l i n e  in o r g a n ic  
m a t e r i a l ,  m .p .3 1 0 -3 2 0 ° ,  a lon e  or mixed w ith  a specim en  
o f  sodium n i t r a t e .
(e )  The compound ( 0 . 4  g . ) ,  phosphorus p e n ta c h lo r id e  
( 1 . 0  g . )  and p h osp hory l c h lo r id e  (5 c . c . )  were h e a ted
a t  1 0 0 °  f o r  2 h o u r s .  The r e s id u e  o b ta in ed  on e v a p o r a t io n  
was decomposed w ith  m ethanol (10 c . c . )  and the s o l u t i o n  
c o o le d  and f i l t e r e d .  The d r ied  r e s id u e  ( 0 . 2  g . )  was 
c r y s t a l l i s e d  from  w a ter  to  g iv e  y e l lo w  p r ism a t ic  n e e d l e s ,  
m .p .286° (decom p.) a lone  or mixed w ith  a specim en o f  the  
compound, m . p . 286°  ( decomp. ) .  No c r y s t a l l i n e  m a te r ia l  
was o b ta in ed  from the m ethanol f i l t r a t e .
( f )  The compound ( 0 . 2  g . )  and c o n c e n tr a te d  h y d r o c h lo r ic
a c i d  ( 2 . 0  c . c . )  were r e f lu x e d  f o r  2 hours and ev ap ora ted  
to  d r y n e s s .  The r e s id u e  was c r y s t a l l i s e d  from w ater  
and d r ie d  a t  8 0 -1 0 0 °  to  g iv e  a compound ( 0 . 05  g . )  as  
p r is m a t ic  n e e d l e s ,  m .p .1 5 0 -1 5 2 °  (deoomp. ) .  l i g h t
o
a b s o r p t i o n  i n  w a t e r :  no maxima above  2000A ( L i g h t
a b s o r p t i o n  o f  p y r i d i n e  i n  w a t e r :  Maxima a t  2610  (£, -
2720)  , 2570  ( 6 = 3020)  a n d  2 6 2 0 ^  M  = 2 0 0 0 ) ) .
P o u n d :  0 , 2 0 . 7  j 11 ,4 ,8 ;  N , 6 . 0 $
C4Ha 0 eN.4Hs 0 r e q u i r e s :  0 , 2 0 . 6 ;  H , 4 . 8 ;  N , 6 . 0 $
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The compound m .p .1 5 0 -1 5 2 °  (decomp.) c o n ta in e d  no Cl or  
Na. I t s  s o l u t i o n  in  w ater  had pH 3 .5  and i t  had a 
t i t r a t i o n  e q u iv a le n t  o f  1 1 0 .
The c ompound m. p .15 0-15 2 0 ( decomp.)  - was. h e a te  d i n  
Tvacuo over  phosphorus p en to x id e  a t  140°  f o r  5 , hours to  
g iv e  a compound m .p .211° ( decomp. ) .
P o u n d :  C, 22 . 0 j  H , 5 . 4 j  N , 1 2 . 5 #
C4H120 8N2 r e q u ir e s :  C, 22 . 2  j H , 5 . 6;  N , 1 3 . 0 #
p R e a c t io n  o f . M ethyl 6 - c h l o r o - 5 - n i t r o n i c o t i n a t e  w ith  
- Cuprous C yan ide . — (a) An in t im a te  m ixture o f  m ethyl  
~ 6 - c h lo r o - 5 - n i t r o n i c o t i n a t e  ( 0 . 4 5  g . )  and cuprous  
'■cyanide ( 0 . 4 0  g . )  was h e a ted  on a m e ta l-b a th  i n  a f l a s k  
' - f i t t e d  w ith  an a i r - c o o l e d  r e f l u x  con d en ser  p lugged  a t  
~Lthe- to p  w ith  c o t t o n -w o o l .  R e a c t io n  took p la c e  a t  2 4 0 ° ,  
ar vacuum, was a p p l ie d  and th e  h e a t  source removed a f t e r
^  15—s e c o n d s . On c o o l i n g ,  the-vacuum  was r e l e a s e d  and
uffche e c t t o r - - w o o l a p p a r a t u s  and r e s id u e , washed th o rou gh ly  
—w i t h  a ceton e  . p The r e s id u e  o b ta in ed  on .e v a p o r a tio n  o f
— th e  wa s h i ngs w as - c r y s ta l  11 sed  - from l i g h t  petro leum  (60  —
80°)  to- g-ive-^pale y e l lo w  l e a f l e t s  ( 0 . 35  g . ) ,  m . p . 7 5 ° ,
r .a lo n e  o r  mixed- w i t h  a u th e n t ic ^  m ethyl _6 -ch lo .ro -5 - n i t r o - 
--- n ie o  t i n a t e  . - No -c r y s ta l l in e .  .mate r ia l^ jra s  . o.b t  a ia e  d.,.f rom
— th e  m other l i q u o r s .
(b) ^Methyl 6 - c h l o r o - 5 - n i t r o n i c o t i n a t e ’ ( 0 . 45  g . ) ,
: cuprous cyan ide  ( 0 . 4 0  g .) ,and q u in o l in e  (5 c . c . }  were
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r e f lu x e d  f o r  1 h ou r , c o o le d ,  f i l t e r e d  and th e  r e s id u e  
e x tr a c t e d  w ith  e t h e r  (2 x 10 c . c . j .  The combined 
f i l t r a t e  and e x t r a c t s  were shaken w ith  w a ter  (15 c . c . )  
c o n ta in in g  j u s t  enough h y d r o c h lo r ic  a c id  to  e x t r a c t  the  
q u in o l in e  from the e t h e r  l a y e r .  E vap oration  o f  the  
e t h e r  l a y e r  gave a r e s id u e  ( 0 . 0 6  g . ) from which no 
c r y s t a l l i n e  m a t e r ia l  was o b ta in e d .
R e a c t io n  o f  E th y l  6 - c h l o r o - 5 - n i t r o n i c o t i n a t e  w ith  
Cuprous C yan id e . — (a) An in t im a te  m ixture o f  e t h y l  6 -  
c h l o r o - 5 - n i t r o n i c o t i n a t e  ( 0 . 5 0  g . )  and cuprous cyanide  
( 0 . 4 0  g . )  was h e a te d  on a m e ta l-b a th  in  a f l a s k  f i t t e d  
w i t h  an  a i r - c o o l e d  r e f l u x  condenser  p lugged  a t  the top  
w i t h  c o t t o n - w o o l . The tem perature was m a in ta in ed  a t  
-250° f o r  5 m in u te s  and on c o o l i n g ,  the r e s id u e  was 
th o r o u g h ly  e x t r a c t e d  w ith  ace to n e  and the e x t r a c t  
e v a p o r a te d .  The r e s i d u e  so  o b ta in ed  was c r y s t a l l i s e d  
from: aqu eou s e th a n o l  to  g iv e  prism s ( 0 . 2 0  g . ) ,  m . p . 60 ° ,  
a lon e  or  mixed w ith  a u t h e n t ic  e t h y l  6 ^ c h lo r o - 5 - n i t r o - 
n i e o t i n a t e .  No c r y s t a l l i n e  .m ater ia l  w as o b ta in ed  from  
the  m other l i q u o r s .
(b) E th y l  8 - c h l o r o - 5 - n i t r o n i c o t i n a t e  (0.-50 g . ) ,  cuprous  
c y a n id e  ( 0 . 4 0  g . )  and q u in o l in e  (5 c . c . )  w ere re f lu x e d  
f o r  1 h ou r , c o o le d ,  f i l t e r e d u n d  the r e s i d u e  e x tr a c t e d  
w ith  o t h e r  (2 x  10 c . c . ) .  The combined f i l t r a t e  and
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e x t r a c t s  were shaken w ith  w a ter  (15 c . c . )  c o n ta in in g  
j u s t  enough h y d r o c h lo r ic  a c id  to  e x t r a c t  the  q u in o l in e  
from the e t h e r  l a y e r .  E vap o ra tio n  o f  the e th e r  l a y e r  
gave a r e s id u e  ( 0 . 1  g . )  from w hich no c r y s t a l l i n e  
m a t e r ia l  was o b ta in e d .
M ethyl 6 -c y a n o - 5 - n i t r o n i c o t i n a t e  (CXXXL).— An in t im a te  
m ix tu r e  o f  m ethyl 6 -bromo- 5 - n i t r o n i c o t i n a t e  ( 0 . 5  g . )  
and cuprous cyan ide  ( 0 . 4  g . )  was h e a ted  on a m e ta l-b a th  
i n  a f l a s k  f i t t e d  w ith  an a i r - c o o l e d  r e f l u x  condenser  
p lu gged  a t  the top  w ith  c o t t o n - w o o l - E e a c t io n  took  
p la c e  a t  2 4 0 ° ,  a vacuum was a p p l ie d  and the h e a t  source  
removed a f t e r  15 s e c o n d s .  On c o o l i n g ,  the vacuum was 
r e l e a s e d  and the c o t to n - w o o l ,  ap p aratu s and r e s id u e  
washed th o ro u g h ly  w ith  a c e to n e .  The r e s id u e  ob ta in ed  
on e v a p o r a t io n  o f  the w ash in gs was c r y s t a l l i s e d  from  
b e n z e n e - l i g h t  petro leu m  (6 0 -8 0 ° )  to  g iv e  m eth y l 6 -cy a n o - 
5 - n i t r o n i c o t i n a t e  ( 0 .1 3  g . )  a s  n e e d l e s ,
Pound: N ,2 0 .0 $
Cs E60 * $ s r e q u ir e s :  N, 2 0 . 3 %
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(7)
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(9)
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(11 )
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